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ORGANIZATION, PLAN AND SCOPE 

The Carnegie Institution of Washington was founded by Andrew Car¬ 
negie, January 28,1902, when he gave to a board of trustees an endowment 
of registered bonds of the par value of ten million dollars. To this fund 
an addition of two million dollars was made by Mr. Carnegie on December 
10,1907, and a further addition of ten million dollars was made by him on 
January 19,1911. Furthermore the income of a reserve fund of about three 
million dollars, accumulated in accordance with the founder’s specifications 
in 1911, is now available for general use and a sum of five million dollars 
has been paid by the Carnegie Corporation of New York as an increase to 
the endowment fund of the Institution, payments having been completed in 
1931. The Institution was originally organized under the laws of the Dis¬ 
trict of Columbia and incorporated as the Carnegie Institution, articles of 
incorporation having been executed on January 4, 1902. The Institution 
was reincorporated, however, by an act of the Congress of the United 
States, approved April 28,1904, under the title of The Carnegie Institution 
of Washington. (See existing Articles of Incorporation on the following 
pages.) 

Organization under the new Articles of Incorporation was effected May 
18, 1904, and the Institution was placed under the control of a board of 
twenty-four trustees, all of whom had been members of the original corpora¬ 
tion. The trustees meet annually in December to consider the affairs of 
the Institution in general, the progress of work already undertaken, the 
initiation of new projects, and to make the necessary appropriations for the 
ensuing year. During the intervals between the meetings of the trustees 
the affairs of the Institution are conducted by an Executive Committee 
chosen by and from the Board of Trustees and acting through the President 
of the Institution as chief executive officer. 

The Articles of Incorporation of the Institution declare in general “that 
the objects of the corporation shall be to encourage, in the broadest and most 
liberal manner, investigation, research, and discovery, and the application 
of knowledge to the improvement of mankind.” Three principal agencies 
to forward these objects have been developed. The first of these involves 
the establishment of departments of research within the Institution itself, 
to attack larger problems requiring the collaboration of several investigators, 
special equipment, and continuous effort. The second provides means 
whereby individuals may undertake and carry to completion investigations 
not less important but requiring less collaboration and less special equip¬ 
ment. The third agency, namely, a division devoted to editing and print¬ 
ing books, aims to provide adequate publication of the results of research 
coming from the first two agencies and to a limited extent also for worthy 
works not likely to be published under other auspices. 
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ARTICLES OF INCORPORATION 


Public No. 260.—An Act To incorporate the Carnegie Institution of 

Washington 

Be it enacted by the Senate and House of Representatives of the United 
States of America in Congress assembled, That the persons following being 
persons who are now trustees of the Carnegie Institution, namely, Alexander 
Agassiz, John S. Billings, John L. Cadwalader, Cleveland H. Dodge, William 
N. Frew, Lyman J. Gage, Daniel C. Gilman, John Hay, Henry L. Higginson, 
William Wirt Howe, Charles L. Hutchinson, Samuel P. ( Langley, William 
Lindsay, Seth Low, Wayne MacVeagh, Darius 0. Mills, S. Weir Mitchell, 
William W. Morrow, Ethan A. Hitchcock, Elihu Root, John C. Spooner, 
Andrew D. White, Charles D. Walcott, Carroll D. Wright, their associates 
and successors, duly chosen, are hereby incorporated and declared to be a 
body corporate by the name of the Carnegie Institution of Washington and 
by that name shall be known and have perpetual succession, with the 
powers, limitations, and restrictions herein contained. 

Sec. 2. That the objects of the corporation shall be to encourage, in the 
broadest and most liberal manner, investigation, research, and discovery, 
and the application of knowledge to the improvement of mankind; and in 
particular— 

(a) To conduct, endow, and assist investigation in any department of 
science, literature, or art, and to this end to cooperate with governments, 
universities, colleges, technical schools, learned societies, and individuals. 

(b) To appoint committees of experts to direct special lines of research. 

(c) To publish and distribute documents. 

(d) To conduct lectures, hold meetings and acquire and maintain a 
library. 

(e) To purchase such property, real or personal, and construct such build¬ 
ing or buildings as may be necessary to carry on the work of the corporation. 

(f) If general, to do and perform all things necessary to promote the 
objects of the institution, with full power, however, to the trustees herein¬ 
after appointed and their successors from time to time to modify the con¬ 
ditions and regulations under which the work shall be carried on, so as to 
secure the application of the funds in the manner best adapted to the con¬ 
ditions of the time, provided that the objects of the corporation shall at all 
times be among the foregoing or kindred thereto. 

Sec. 3. That the direction and management of the affairs of the corpora¬ 
tion and the control and disposal of its property and funds shall be vested 
in a board of trustees, twenty-two in number, to be composed of the follow¬ 
ing individuals: Alexander Agassiz, John S. Billings, John L. Cadwalader, 
Cleveland H. Dodge, William N. Frew, Lyman J. Gage, Daniel C. Gilman, 
John Hay, Henry L. Higginson, William Wirt Howe, Charles L. Hutchin¬ 
son, Samuel P. Langley, William Lindsay, Seth Low, Wayne MacVeagh, 
Darius 0. Mills, S. Weir Mitchell, William W. Morrow, Ethan A. Hitch¬ 
cock, Elihu Root, John C. Spooner, Andrew D. White, Charles D. Walcott, 
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ARTICLES OF INCORPORATION 


Carroll D. Wright, who shall constitute the first board of trustees. The 
board of trustees shall have power from time to time to increase its mem¬ 
bership to not more than twenty-seven members. Vacancies occasioned by 
death, resignation, or otherwise shall be filled by the remaining trustees in 
such manner as the by-laws shall prescribe; and the persons so elected shall 
thereupon become trustees and also members of the said corporation. The 
principal place of business of the said corporation shall be the city of 
Washington, in the District of Columbia. 

Sec. 4. That such board of trustees shall be entitled to take, hold, and 
administer the securities, funds, and property so transferred by said Andrew 
Carnegie to the trustees of the Carnegie Institution and such other funds 
or property as may at any time be given, devised, or bequeathed to them, 
or to such corporation, for the purposes of the trust; and with full power 
from time to time to adopt a common seal, to appoint such officers, members 
of the board of trustees or otherwise, and such employees as may be deemed 
necessary in carrying on the business of the corporation, at such salaries or 
with such remuneration as they may deem proper; and with full power to 
adopt by-laws from time to time and such rules or regulations as may be 
necessary to secure the safe and convenient transaction of the business of 
the corporation; and with full power and discretion to deal with and expend 
the income of the corporation in such manner as in their judgment will best 
promote the objects herein set forth and in general to have and use all 
powers and authority necessary to promote such objects and carry out 
the purposes of the donor. The said trustees shall have further power from 
time to time to hold as investments the securities hereinabove referred to 
so transferred by Andrew Carnegie, and any property which has been or 
may be transferred to them or such corporation by Andrew Carnegie or by 
any other person, persons, or corporation, and to invest any sums or 
amounts from time to time in such securities and in such form and manner 
as are permitted to trustees or to charitable or literary corporations for 
investment, according to the laws of the States of New York, Pennsylvania, 
or Massachusetts, or in such securities as are authorized for investment by 
the said deed of trust so executed by Andrew Carnegie, or by any deed of 
gift or last will and testament to be hereafter made or executed. 

Sec. 5. That the said corporation may take and hold any additional 
donations, grants, devises, or bequests which may be made in further sup¬ 
port of the purposes of the said corporation, and may include in the ex¬ 
penses thereof the personal expenses which the trustees may incur in 
attending meetings or otherwise in carrying out the business of the trust, 
but the services of the trustees as such shall be gratuitous. 

Sec. 6. That as soon as may be possible after the passage of this Act a 
meeting of the trustees hereinbefore named shall be called by Dani£l C. 
Gilman, John S. Billings, Charles D. Walcott, S. Weir Mitchell, John Hay, 
Elihu Root, and Carroll D. Wright, or any four of them, at the city of 
Washington, in the District of Columbia, by notice served in person or by 
mail addressed to each trustee at his place of residence; and the said 
trustees, or a majority thereof, being assembled, shall organize and proceed 
to adopt by-laws, to elect officers and appoint committees, and generally to 
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organize the said corporation; and said trustees herein named, on behalf 
of the corporation hereby incorporated, shall thereupon receive, take over, 
and enter into possession, custody, and management of all property, real 
or personal, of the corporation heretofore known as the Carnegie Institu¬ 
tion, incorporated, as hereinbefore set forth under “An Act to establish a 
Code of Law for the District of Columbia, January fourth, nineteen hun¬ 
dred and two,” and to all its rights, contracts, claims, and property of any 
kind or nature; and the several officers of such corporation, or any other 
person having charge of any of the securities, funds, real or personal, books 
or property thereof, shall, on demand, deliver the same to the said trustees 
appointed by this Act or to the persons appointed by them to receive the 
same; and the trustees of the existing corporation and the trustees herein 
named shall and may take such other steps as shall be necessary to carry 
out the purposes of this Act. 

Sec. 7. That the rights of the creditors of the said existing corporation 
known as the Carnegie Institution shall not in any manner be impaired by 
the passage of this Act, or the transfer of the property hereinbefore men¬ 
tioned, nor shall any liability or obligation for the payment of any sums 
due or to become due, or any claim or demand, in any manner or for any 
cause existing against the said existing corporation, be released or impaired; 
but such corporation hereby incorporated is declared to succeed to the obli¬ 
gations and liabilities and to be held liable to pay and discharge all of the 
debts, liabilities, and contracts of the said corporation so existing to the 
same effect as if such new corporation had itself incurred the obligation or 
liability to pay such debt or damages, and no such action or proceeding 
before any court or tribunal shall be deemed to have abated or been dis¬ 
continued by reason of the passage of this Act. 

Sec. 8. That Congress may from time to time alter, repeal, or modify this 
Act of incorporation, but no contract or individual right made or acquired 
shall thereby be divested or impaired. 

Sec. 9. That this Act shall take effect immediately. 

Approved, April 28, 1904. 
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BY-LAWS OF THE INSTITUTION 

Adopted December 13, 1904. Amended December 13, 1910, and December 13, 1912. 


Article I. 

THE TRU8TEES. 

1. The Board of Trustees shall consist of twenty-four members, with 
power to increase its membership to not more than twenty-seven members. 
The Trustees shall hold office continuously and not for a stated term. 

2. In case any Trustee shall fail to attend three successive annual meet¬ 
ings of the Board he shall thereupon cease to be a Trustee. 

3. No Trustee shall receive any compensation for his services as such. 

4. All vacanies in the Board of Trustees shall be filled by the Trustees 
by ballot. Sixty days prior to an annual or a special meeting of the Board, 
the President shall notify the Trustees by mail of the vacancies to be filled 
and each Trustee may submit nominations for such vacancies. A list of the 
persons so nominated, with the names of the proposers, shall be mailed to 
the Trustees thirty days before the meeting, and no other nominations shall 
be received at the meeting except with the unanimous consent of the Trus¬ 
tees present. Vacancies shall be filled from the persons thus nominated, but 
no person shall be declared elected unless he receives the votes of two-thirds 
of the Trustees present. 


Article II. 

MEETINGS. 

1. The annual meeting of the Board of Trustees shall be held in the City 
of Washington, in the District of Columbia, on the first Friday following 
the second Thursday of December in each year. 

2. Special meetings of the Board may be called by the Executive Com¬ 
mittee by notice served personally upon, or mailed to the usual address of, 
each Trustee twenty days prior to the meeting. 

3. Special meetings shall, moreover, be called in the same manner by the 
Chairman upon the written request of seven members of the Board. 

Article III. 

OFFICERS OF THE BOARD. 

1. The officers of the Board shall be a Chairman of the Board, a Vice- 
Chairman, and a Secretary, who shall be elected by the Trustees, from the 
members of the Board, by ballot to serve for a term of three years. All 
vacancies shall be filled by the Board for the unexpired term; provided, 
however, that the Executive Committee shall have power to fill a vacancy 
in the office of Secretary to serve until the next meeting of the Board of 
Trustees. 
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2. The Chairman shall preside at all meetings and shall have the usual 
powers of a presiding officer. 

3. The Vice-Chairman, in the absence or disability of the Chairman, shall 
perform his duties. 

4. The Secretary shall issue notices of meetings of the Board, record its 
transactions, and conduct that part of the correspondence relating to the 
Board and to his duties. He shall execute all deeds, contracts or other 
instruments on behalf of the corporation, when duly authorized. 

Article IV. 

EXECUTIVE ADMINISTRATION. 

The President. 

1. There shall be a President who shall be elected by ballot by, and hold 
office during the pleasure of, the Board, who shall be the chief executive 
officer of the Institution. The President, subject to the control of the Board 
and the Executive Committee, shall have general charge of all matters of 
administration and supervision of all arrangements for research and other 
work undertaken by the Institution or with its funds. He shall devote his 
entire time to the affairs of the Institution. He shall prepare and submit to 
the Board of Trustees and to the Executive Committee plans and sug¬ 
gestions for the work of the Institution, shall conduct its general corre¬ 
spondence and the correspondence with applicants for grants and with the 
special advisers of the Committee, and shall present his recommendations 
in each case to the Executive Committee for decision. All proposals and 
requests for grants shall be referred to the President for consideration and 
report. He shall have power to remove and appoint subordinate employees 
and shall be ex officio a member of the Executive Committee. 

2. He shall be the legal custodian of the seal and of all property of the 
Institution whose custody is not otherwise provided for. He shall affix the 
seal of the corporation whenever authorized to do so by the Board of Trus¬ 
tees or by the Executive Committee or by the Finance Committee. He 
shall be responsible for the expenditure and disbursement of all funds of the 
Institution in accordance with the directions of the Board and of the 
Executive Committee, and shall keep accurate accounts of all receipts and 
disbursements. He shall submit to the Board of Trustees at least one 
month before its annual meeting in December a written report of the opera¬ 
tions and business of the Institution for the preceding fiscal year with his 
recommendations for work and appropriations for the succeeding fiscal 
year, which shall be forthwith transmitted to each member of the Board. 

3. He shall attend all meetings of the Board of Trustees. 

Article V. 

COMMITTEES. 

1. There shall be the following standing Committees, viz., an Executive 
Committee, a Finance Committee, and an Auditing Committee. 

2. The Executive Committee shall consist of the Chairman and Secre¬ 
tary of the Board of Trustees and the President of the Institution ex officio 
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and, in addition, five trustees to be elected by the Board by ballot for a 
term of three years, who shall be eligible for re-election. Any member 
elected to fill a vacancy shall serve for the remainder of his predecessor’s 
term: Provided, however, that of the Executive Committee first elected 
after the adoption of these by-laws two shall serve for one year, two shall 
serve for two years, and one shall serve for three years; and such Com¬ 
mittee shall determine their respective terms by lot. 

3. The Executive Committee shall, when the Board is not in session and 
has not given specific directions, have general control of the administration 
of the affairs of the corporation and general supervision of all arrangements 
for administration, research, and other matters undertaken or promoted by 
the Institution; shall appoint advisory committees for specific duties; shall 
determine all payments and salaries; and keep a written record of all trans¬ 
actions and expenditures and submit the same to the Board of Trustees at 
each meeting, and it shall also submit to the Board of Trustees a printed 
or typewritten report of each of its meetings, and at the annual meeting 
shall submit to the Board a report for publication. 

4. The Executive Committee shall have general charge and control of all 
appropriations made by the Board. 

5. The Finance Committee shall consist of three members to be elected 
by the Board of Trustees by ballot for a term of three years. 

6. The Finance Committee shall have custody of the securities of the 
corporation and general charge of its investments and invested funds, and 
shall care for and dispose of the same subject to the directions of the Board 
of Trustees. It shall consider and recommend to the Board from time to 
time such measures as in its opinion will promote the financial interests of 
the Institution, and shall make a report at each meeting of the Board. 

7. The Auditing Committee shall consist of three members to be elected 
by the Board of Trustees by ballot for a term of three years. 

8. The Auditing Committee shall, before each annual meeting of the 
Board of Trustees, examine the accounts of business transacted under the 
Finance Committee and the Executive Committee. They may avail them¬ 
selves at will of the services and examination of the Auditor appointed by 
the Board of Trustees. They shall report to the Board upon the collection 
of moneys to which the Institution is entitled, upon the investment and 
reinvestment of principal, upon the conformity of expenditures to appro¬ 
priations, and upon the system of bookkeeping, the sufficiency of the 
accounts, and the safety and economy of the business methods and safe¬ 
guards employed. 

9. All vacancies occurring in the Executive Committee and the Finance 
Committee shall be filled by the Trustees at the next regular meetings In 
case of vacancy in the Finance Committee or the Auditing Committee, upon 
request of the remaining members of such committee, the Executive Com¬ 
mittee may fill such vacancy by appointment until the next meeting of the 
Board of Trustees. 

10. The terms of all officers and of all members of committees shall con¬ 
tinue until their successors are elected or appointed. 
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Article VI. 

FINANCIAL ADMINISTRATION. 

1. No expenditure shall be authorized or made except in pursuance of a 
previous appropriation by the Board of Trustees. 

2. The fiscal year of the Institution shall commence on the first day of 
November in each year. 

3. The Executive Committee, at least one month prior to the annual 

meeting in each year, shall cause the accounts of the Institution to be 
audited by a skilled accountant, to be appointed by the Board of Trustees, 
and shall submit to the annual meeting of the Board a full statement of the 
finances and work of the Institution and a detailed estimate of the expendi¬ 
tures of the succeeding year. ' 

4. The Board of Trustees, at the annual meeting in each year, shall make 
general appropriations for the ensuing fiscal year; but nothing contained 
herein shall prevent the Board of Trustees from making special appropria¬ 
tions at any meeting. 

5. The securities of the Institution and evidences of property, and funds 
invested and to be invested, shall be deposited in such safe depository or in 
the custody of such trust company and under such safeguards as the Trus¬ 
tees and Finance Committee shall designate; and the income available for 
expenditure of the Institution shall be deposited in such banks or deposi¬ 
tories as may from time to time be designated by the Executive Committee. 

6. Any trust company entrusted with the custody of securities by the 
Finance Committee may, by resolution of the Board of Trustees, be made 
Fiscal Agent of the Institution, upon an agreed compensation, for the trans¬ 
action of the business coming within the authority of the Finance Committee. 

Article VII. 

AMENDMENT OF BY-LAWS. 

1. These by-laws may be amended at any annual or special meeting of 
the Board of Trustees by a two-thirds vote of the members present, pro¬ 
vided written notice of the proposed amendment shall have been served 
personally upon, or mailed to the usual address of, each member of the 
Board twenty days prior to the meeting. 
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ABSTRACT OF MINUTES OF THE THIRTY-SECOND MEETING 

OF BOARD OF TRUSTEES 

The meeting was held in Washington in the Board Room of the 
Administration Building on Friday, December 11, 1931. It was 
called to order at 10 a. m. by the Vice-Chairman of the Board, Mr. 
Pritchett. 

Upon roll-call the following Trustees responded: W. W. Campbell, 
John J. Carty. Whitefoord R. Cole, Frederic A. Delano, Cass Gilbert, 
Frederick H. Gillett, Andrew J. Montague, Wm. Barclay Parsons, 
Stewart Paton, Henry S. Pritchett, Theobald Smith, William Benson 
Storey, William S. Thayer, William H. Welch and George W. Wicker- 
sham. The President of the Institution, John C. Merriam, was also 
present. 

The minutes of the thirty-first meeting were approved as printed 
and submitted to the members of the Board. 

Reports of the President, the Executive Committee, the Auditor, 
the Finance Committee, the Auditing Committee, and of Directors 
of Departments and Research Associates of the Institution were 
presented and considered. 

The following appropriations for the year 1931 were authorized: 


Pension Fund. $ (50,000 

Administration . 71,218 

Publication (including Division of Publications'). 102,670 

Departments and Divisions of Research. 1,262,544 

Minor Grants . 149,500 

General Contingent Fund. 50,000 

Special Emergency Reserve Fund. 30,000 


1,725,932 

Balloting for new Trustees to fill vacancies caused by the death of 
James Parmelee and by resignation of Julius Rosenwald resulted in 
election of the following members: Walter S. Gifford, of New York, 
and Frederic C. Walcott, of Connecticut. 

Mr. Delano was elected Chairman of the Auditing Committee, to 
succeed Mr. Parmelee, and Mr. Ferguson was elected a member of 
this Committee to fill the vacancy created by Mr. Parmelee’s death, 
for the unexpired term ending in 1933. 

The meeting adjourned at 12.20 p. m. 
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REPORT OF THE PRESIDENT 

OF THE 

CARNEGIE INSTITUTION OF WASHINGTON 

In conformity with Article IV, section 2, of the By- 
Laws of the Carnegie Institution of Washington, the 
President has the honor to submit the following report 
on the work of the Institution for the fiscal year ending 
October 31, 1931, together with provisional recommen¬ 
dation of appropriations for the year beginning January 
1,1932. 

James Parmelee was elected a member of the Board of 
Trustees of Carnegie Institution of Washington in De- 
James cember 1917 to succeed Andrew D. White. 

Parmelee jjj s d ea th i n Washington on April 19,1931, 

removed an extremely able counsellor and friend of the 
Institution. He had special interest in humanistic studies 
and in means which have been developed for interpreta¬ 
tion of results obtained through research activities. Mr. 
Parmelee’s presence in Washington permitted frequent 
consultation regarding financial problems as also on gen¬ 
eral policy and program. His sympathetic interest was 
a continuing source of inspiration and helpfulness to the 
Institution and to its staff. 

The death of Dr. Albert A. Michelson on May 9, 1931, 
terminated a series of scientific studies and experiments 

Albert a. of outstanding value. It also took from us 

Michelson a co i] a b ora tor of exceptional importance on 

some of the most significant researches in which the In¬ 
stitution has been privileged to cooperate. As Research 
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Associate in residence at Mount Wilson Observatory for 
a part of each year, Dr. Michelson conducted a series of 
investigations of unusual interest in our program. It 
was the privilege of the Institution to aid especially in 
developing several of the greater researches in his later 
years. One furnished the first observational data on 
diameters of fixed stars; another gave increased refine¬ 
ment in the measured velocity of light. Both investiga¬ 
tions were conducted in association with the Observatory 
and with all facilities which the Institution could com¬ 
mand. Both resulted in contributions of fundamental 
and permanent value to astronomy, as also to the whole 
field of physical science. Each investigation was carried 
out with that uniquely artistic touch so characteristic of 
Dr. Michelson, and which illustrates one of the most 
interesting aspects of research as conducted by leaders 
in scientific work. 

Review of objectives and accomplishment of the Insti¬ 
tution seems to take on special significance at the ten-year 
Research and nodes, when by the prevailing system of 
Hl E^d™n? e thL cei notation we begin new cycles. With this 
Third Decade longer period, in addition to the regular 

flow of years, one visualizes the shift of emphasis among 
diverse aspects of life. Against this more extended 
background self-examination has increased significance. 
Ideas concerning function of the Institution in terms of 
human service are then compared with views regarding 
the broader needs of mankind as seen from widely sepa¬ 
rated positions. 

With the ending of the second decade attention was 
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turned toward functions of Institution research under a 
type of stress in which every human resource had been 
tested by stimulus and strain of war. In the present 
year, ending a third decade, we may not avoid consider¬ 
ing values with the reaction of depression as a dominant 
feature. 

Within these two periods research has not been char¬ 
acterized by an even flow comparable to movement of 
passing years, but the volume has increased gradually 
with emphasis placed now here, now there. 

In each period of emergency there has been intensive 
study of the place and function of research with refer¬ 
ence to needs of the special situation. There has been 
vigorous search for new materials with which to meet the 
requirements. But in spite of earnest endeavor, it has 
rarely been possible to secure aid through new research. 
The major achievements have been reached commonly by 
inventive use of existing materials through recombina¬ 
tions. These situations, however, exert large influence in 
stimulation of research. They serve to show that, with 
a considerable spread of years between the inception of 
a new and fundamental idea and its human application, 
there must be continuous study of those more clearly 
basic things upon which future science and its applica¬ 
tion will rest. If necessity is mother of invention, and 
invention is in considerable part the creative reorganiza¬ 
tion or combination of ideas and materials at hand, we 
must advance those types of fundamental work that pro¬ 
duce the data which invention will use. 

From another viewpoint, experience in recent decades 
has furnished important lessons bearing upon questions 
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of organization, dissemination, and application of re¬ 
search results. If human emergencies are met commonly 
by the inventive or creative application of materials 
already at hand, it is necessary that, as a part of the 
movement to forearm, we prepare by adequate organi¬ 
zation and by wide, carefully planned dissemination of 
information as it becomes available. Such activity is 
naturally the duty of education, but the first responsi¬ 
bility lies with agencies from which the material is 
derived. It is part of the function of the^e institutions 
to see that the data come into use, and that they become 
available in the many fields through which one might 
expect them to be applied. 

Among recent attempts to find means for adjustment 
in the unbalance of present day civilization is the sugges¬ 
tion of a moratorium on research. The part which science 
plays in development of the present-day environment 
is probably large, and it is not surprising that in this 
situation honest suggestion has been made regarding its 
influence. According to one view, too much new knowl¬ 
edge confuses us. From another side it is intimated that 
in some way research is responsible for maladjustment 
in the rapid development of heavily mechanized modem 
life. 

That heterogeneous, unorganized new ideas may be 
dangerous to society is clear. This would be illustrated 
by use of new chemical compounds or newly discovered 
types of physical energy applied inexpertly in medical 
practice. Similar results may arise from unwise eco¬ 
nomic promotion in connection with introduction of new 
mechanical devices. Harm can be done through unwar- 
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ranted philosophical or religions application of incom¬ 
plete scientific hypotheses. But the evils which develop 
are not necessarily to be charged against the new knowl¬ 
edge as such. Generally they are compounded from in¬ 
adequacy of knowledge and failure to recognize the need 
of additional correlated information. Human frailty tak¬ 
ing the form of selfishness in use of new materials is a 
menace coordinate in significance with the dangers of 
ignorance and bad judgment. 

Science is only the truth about ourselves and the world 
around us, but truth in partial statement must be in¬ 
terpreted carefully and applied with every precaution 
until the story is seen to approach completeness. 

The safety of humanity does not require a moratorium 
on increase of honest knowledge. While half truths and 
unorganized or unrelated facts constitute a real source of 
danger, what we need is more truth and the acceptance 
of knowledge for precisely what it is. Along with new 
information it is essential to have guidance regarding 
what to accept as fact and what to consider as merely 
tentative grouping of ideas for the purpose of testing 
theories. 

If the great volume of new data coming out of con¬ 
structive work could be so classified and interpreted as to 
give us a clear picture of the actual state of advance in 
knowledge, and to make possible also some appreciation 
of relation between the various fields, there would be no 
suggestion that the progress of research be retarded. 

Experience of the Carnegie Institution has indicated 
that even in an agency which deals with exploration of 
new or little known problems, it is essential to have clear 
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definition of objectives, well-planned organization, con¬ 
tinuing acquaintance with the degrees of achievement, 
and adequate provision for use of the products of re¬ 
search. 

Full recognition of the ideal of human service suggests 
that, since the investigations of the Institution are largely 
of a basic type, adequate utilization of the materials 
produced requires placing them where they can have 
immediate and effective use by types of agencies more 
specifically concerned with application. 

The changes in objectives, organization, and plans for 
use of results of the Institution’s work as viewed over 
the three decades of its existence show increasing clear¬ 
ness of vision as to importance of the work undertaken, 
and as to definition of objectives for researches in an 
institution of this character. The organization of the 
Institution has changed from that of slightly related 
individuals or groups to an agency with distinct unity. 
Along with advance in effectiveness of the group as a 
whole, there has been increased advantage to the indi¬ 
vidual investigator. And with other changes there has 
been distinctly increased emphasis upon constructive use 
for the products of research. Planning for effective and 
dignified dissemination of information obtained through 
investigations of the Institution expresses itself from the 
time when the new problem is visualized until the re¬ 
search is finally set aside as representing the best result 
that existing conditions permit. 

The spirit which has actuated all members of the Insti¬ 
tution justifies the belief that honest endeavor in Bearch 
for truth contributes an important element of hope for 
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the future. Moreover, it is important to appreciate that 
recognition of this point of view is essential in consider¬ 
ation of the purely human questions, as well as in study 
of physical and biological elements. As we see close at 
hand the end of man’s age-long struggle with the wilder¬ 
ness of nature through which he has come, it is important 
to realize that life in those jungles which arise by human 
construction requires not less, but more, of the type of 
ability that has characterized human progress to the 
present stage. 

Growing out of the large body of astronomical data 
already accumulated, the last year has shown continuing 
Extent and contribution by Mount Wilson Observatory 
S ThyS° f to knowledge of the most remote realms in 
Universe space at present attainable. The observa¬ 
tional work has been based largely on use of the 100-inch 
telescope through special investigations by Dr. Hub¬ 
ble and Mr. Humason. The tremendous distances out to 
the most remote observed spiral nebulae as estimated by 
Dr. Hubble have focused attention on the dimensions of 
the universe and on the structure of its component ele¬ 
ments. The now widely known shift of lines toward the 
red section of the spectrum suggesting, from one point 
of view, a tremendous rate of movement of the outermost 
nebulae has raised question whether the physical world 
may not be expanding so rapidly as to resemble explosive 
action. 

Visits to the Observatory by Dr. Einstein, Sir James 
Jeans, Dr. de Sitter, and others are evidence of the im¬ 
portance which these observations have in study of the 
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most fundamental questions in astronomy and physics. 
This correlation of investigations at Mount Wilson with 
studies by visiting and collaborating investigators has 
been of great importance in advance of the research 
program. 

The great contribution to understanding of structure 
and dimensions of the physical universe through re¬ 
searches at Mount Wilson Observatory and cooperating 
agencies has made more insistent the demand for infor¬ 
mation regarding the extremely important region of the 
heavens seen only from the southern hemisphere. The 
proposal that the Institution extend to the southern 
sky the type of work done at Mount Wilson has especial 
significance when it is realized that much of the most 
important material comprised in our understanding of 
the outer reaches of known space could not be secured 
by an instrument appreciably smaller than the 100-inch 
telescope. 

Completion of a picture of the heavens with special 
reference to more remote regions of the universe will 
therefore require in the southern hemisphere a telescope 
as powerful as the 100-inch at Mount Wilson. With such 
an instrument, mapping of outer attainable elements 
would be possible with the same degree of refinement as 
in researches already carried out in the northern sky. 
In addition to actual location of nebulae, it would be 
possible to obtain information regarding nature of 
their movement on the same basis as studies of the 
apparent high rates of speed now in progress at Mount 
Wilson. 
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Measurement of the diameter of fixed stars, accom¬ 
plished for the first time by Dr. Michelson and Mr. Pease 
Diameter of with use of the twenty-foot interferometer 
Fixed Stan Mount Wilson, opened a new field for 

study and interpretation of the stellar universe. The 
continuation of this work by use of the new fifty-foot 
interferometer at Mount Wilson, now being carried on 
by Mr. Pease, is one of the outstanding developments in 
astronomical research. 


Measurement of the velocity of light by Dr. Michelson, 
conducted at Mount Wilson first through use of a base line 
Velocity of approximately twenty-two miles, gave 

Light a new standard for this important yardstick 
of the universe and of physical measurement. The sec¬ 
ond set of studies carried on in a vacuum through use of 
a mile length of metal pipe represented the most extreme 
refinement of this measurement thus far attempted. It 
is gratifying to note that Dr. Michelson’s last work, aided 
by the Rockefeller Foundation and Carnegie Corpora¬ 
tion, was concerned with the practical completion of these 
studies. 


In the past year the Institution has published the 
Albany Catalogue of 20,811 stars, for each of which the 

Determination P os ^ on * n the heavens has been defined 
of with great care through studies at the Dud- 
Star Positions ^ oj 3 Serva t 0 ry. This important document 

was preceded in 1928 by the San Luis Catalogue, repre¬ 
senting star positions in the southern hemisphere. The 
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Albany Catalogue is the second of three great lists for 
the compilation of which the Department of Meridian 
Astrometry was organized. 

Preparation for the final report, or General Catalogue, 
is advancing rapidly, and this volume will be available 
within two or three years. It will include star locations 
of the north and south hemispheres, giving as precisely 
as possible the positions of stars down to the seventh 
magnitude. < 

Mapping the location of individual stars with high 
precision has exceptional significance in modern astron¬ 
omy, as it furnishes data upon which studies on motion 
of stars and structure of the stellar world are based. It 
is fundamental also in research on many questions touch¬ 
ing the nature of the star field, or Galactic System, in 
which our group of planets is located. Although limited 
to a special subject, this twenty-five year task has a place 
of great importance in the broader range of astronomical 
studies. 

The conferences on climatic cycles held by the Institu¬ 
tion in 1922,1928, and 1930, together with the support of 

Climatic specific studies in this field conducted by Dr. 

Cycle* ^ e. Douglass, have had important influ¬ 
ence on advance and organization of knowledge relative 
to major variations of climate. 

Although the range of climatic shift through the ages 
has been small compared with what might seem the pos¬ 
sibilities on a planet of this type, there have been almost 
continuous fluctuations. The cause of these changes has 
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been the subject of long-continued discussion in physics, 
geology, astronomy, and climatology. If, as has been 
assumed by many, the variation arises from changes in 
the sun, and if it should be possible to determine the 
nature and cause of such changes, there would be avail¬ 
able a body of knowledge of enormous importance for 
future guidance of human activities. 

The solution of this problem will presumably require 
combined attack of many and divergent agencies, and 
perhaps extend through generations of research. It 
is within the field of service of the Institution to 
make a contribution, and to place the results where 
they will be useful in connection with other compara¬ 
ble studies. 

In the group of investigations concerned especially 
with the nature of the earth’s crust and the processes 
Earth expressed through it, there have been many 
Sciences advances during the past year, ranging from 

basic researches involving physics and chemistry of the 
materials to studies on the relation of such questions to 
problems of geology. Especially interesting within the 
year has been investigation of certain aspects of crustal 
structure and movement which brings together the phys¬ 
icist, the seismologist, and the geologist. 

Through planning by Dr. Day, of the Geophysical 
Laboratory, and under the immediate direction of Dr. 
J. P. Buwalda, of California Institute of Technology, a 
series of experiments was carried out for the purpose of 
investigating the nature of vibrations set up in the crust 
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of the earth. For this purpose artificial explosions were 
utilized in a region of California where geological struc¬ 
ture presents especially interesting problems. Data 
obtained in these researches is of immediate value in 
checking against records of earthquake waves or other 
vibrations transmitted through the crust. The coopera¬ 
tion of physics, geophysics, seismology, and geology es¬ 
tablished in these recent studies brings to realization one 
aspect of research on related phenomena in tfyese several 
fields which is certain to give us a clearer understanding 
of the interior of the earth. 

During the past year provision has been made for mod¬ 
ifications of plant in the Geophysical Laboratory which 
will better the conditions for heating and increase effec¬ 
tiveness in use of electric power. At the same time the 
release of space formerly occupied by the plant for heat 
and power furnishes additional opportunity for conduct 
of investigations. 

Development of researches in the field of plant biology 
has made significant advance during the past year 

Division of through increasing clearness in definition 
plant Biology program made possible by the new 

laboratory at Palo Alto, and by additions to staff cover¬ 
ing especially important aspects of investigation. The 
appointment of Dr. Jens Clausen as investigator in the 
field of cytology brings another valuable link connecting 
taxonomy and ecology with genetics. The cooperation of 
Dr. I. W. Bailey on investigations of periodicity in plant 
growth gives most desirable aid in a field touched by sev¬ 
eral groups of investigators. The return of Dr. H. A. 
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Spoehr to leadership in our researches on photosynthesis, 
and to the chairmanship of the Division, brings into rela¬ 
tion to this group the stimulus and power of exceptional 
ideals which have had so important a part in progress of 
this Division. 

Rapid advance in several aspects of research in the 
laboratory for embryology having demonstrated need 
Embryology f° r increase of space occupied by animal 
and Ammai colonies, the generous cooperation of Johns 

Development -n- , . XT . ., , , .., 

Hopkins University has made possible ex¬ 
tension of the area utilized by this laboratory in the 
Hunterian Building of the University. Construction of 
these new quarters opens the way for wider range of 
investigation by Dr. Hartman connecting the story of 
embryology with our understanding of structure and 
physiology of the adult. The effect of these researches 
extends even to critical questions in the field of human 
behavior. 

Relation between investigations arising out of embry- 
ological research and those touching endocrinology, nu¬ 
trition, genetics, and ecology has established mutually 
helpful contacts between the Department of Embryology 
and other groups of the Institution and of cooperating 
agencies. Development of this program has contributed 
in an important way to significance of the regularly or¬ 
ganized conferences of those groups in the Institution 
concerned with factors of animal development. In re¬ 
turn, discussions by these investigators, as they meet at 
each of the several laboratories, contribute to advance of 
research on problems of embryology. 
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Attainment of two important objectives in activities 
of the Division of Historical Research are among the 
Historical most significant events of the year. Publi- 
Research ca tion of the second volume of Sarton’s 

monumental work on the “Introduction to the History 
of Science” is not simply an extremely valuable addi¬ 
tion to organized knowledge regarding the progress of 
science. It concerns also the relation of science to those 
varied aspects of civilization toward formulation of 
which it has contributed. The issuing of a comprehen¬ 
sive monograph on the Warriors Temple at Chichen Itzd, 
in Yucatan, concludes one of the first great projects in 
the program of the Institution in this field of American 
History. 

Practically every phase of historical study now under 
way has shown noteworthy progress during the year. 
In addition to many projects in Middle American re¬ 
search being conducted under Dr. Morley, in Yucatan, 
there has been great advance in understanding of the 
problems upon which Mr. Ricketson is engaged in Gua¬ 
temala. In the southwest, the work of Dr. Kidder and 
Mr. Morris has made large contribution to knowledge of 
the early aboriginal cultures. In the field of Modern 
American History, involving influence of European 
factors upon America, the work of many years is 
rapidly coming to fruition. In addition to comple¬ 
tion of the second volume of the “Introduction to the 
History of Science,” Dr. Sarton and his associates 
have made rapid strides toward the next goal in this 
research. 
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During the past year intensive study has been con¬ 
tinued on the broad subject of recording and making 
Public ProgreM public results arising from research con- 
Report * ducted by the Institution. This has included 
all aspects of technical publication, reports to journals 
of technical character and to those which include less 
specialized articles with high scientific and literary qual¬ 
ity, relation to public press, and the most effective means 
of expression by the personal touch of public addresses. 
These studies have been made possible through extremely 
effective cooperation of departments and members of the 
staff. 

It has been possible to realize, this year, for the first 
time, all of the several phases of publication and an¬ 
nouncement for any one subject. It is gratifying to note 
that the opening of these varied opportunities seems to 
increase effectiveness of each method beyond what had 
been possible for any one means used alone. 

Steps directed toward realization of an adequate audi¬ 
torium, with conference rooms and space for the Divi¬ 
sion of Publications, have been taken in the past year 
by purchase of four lots immediately to the east of the 
Administration Building. 

When the annuity or pension system of the Institution 
was established a considerable number of staff members 
Pensions and had already a long service record and were 
insurance approving the age of retirement. To 

compensate in some measure for advantages lost by in¬ 
ability to participate in an annuity program during the 
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earlier years of service, a plan was set up by which, under 
carefully specified conditions, supplementary annuity 
payments might be made by the Institution. Special ar¬ 
rangements authorized in this connection, taken with 
naturally increasing requirements for regular annuities, 
have made necessary enlargement of the pension appro¬ 
priation recommended for 1932 to twenty per cent beyond 
that of 1931 and fifty per cent beyond the amount in 1930. 
As the period within which these supplementary annui¬ 
ties fall is limited, this increase does not indicate the need 
of continuing expansion in pension fund appropriations. 

With the gradual extension of liability insurance to 
cover normal expectation of all risks in this field, annual 
expenditures on account of insurance have increased 
somewhat in recent years. But, by reason of the arrange¬ 
ment for returning to the insurance fund all interest 
upon the sum already set aside, it has been possible to 
meet necessary liability insurance charges and at the 
same time make considerable addition to the fund. 
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FINANCIAL STATEMENT 


The sources of funds available for expenditure during the 
fiscal year (including appropriations made by the Trustees, 
Financial December 12,1930, and revertments and trans- 
fa? f£S yL fers made during the year), the amounts allotted 
1930-1931 by the Executive Committee during the year, 
and the balances unallotted at the end of the year are shown 
in detail in the table. 


Financial statement for fiscal year ending October SI, 1931 



Revert¬ 
ments and 
transfers 
Nov.1,1930, 
to Oct 31, 
1831. 


$6,400.01 
4,635 
3,585 

154,355 | 3,200 


12,725 

9,417.55 



$ 73,430.01 
152,785 
184,769 
157,555 
15,500 
38,520 
247,300 
54,620 
150,145 
216,267.55 
174,023.31 


Executive Transfers Unalloted 
Committee by Execu- balances 
allotments tive Com- Oct. 31. 


$ 73,430.01 
146,384 99 


216,267.55 

167,591.66 

122,263.84 

77.311.83 



111,841.04 30,075.77 


35,798.91 
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The aggregate of receipts from interest on bond invest¬ 
ments and bank deposits, from sales of publications, from 
Receipt* and refunds on grants, and from miscellaneous 
sources, for each year since the foundation of 
to Date the Institution are shown below; the grand total 
of these to date is $77,156,269.15. 

Aggregate of financial receipts 


Year 

ending 

Oet. 

31 

Interest 
on bonds 
and bank 
deposits 

Sales of 
publications 

Refunds on 
grants 

Miscellaneous 

items 

i 

Total 

1902 

5 250,009.70 
505,867.10 



$1,825.62 

101.57 

$251,835.22 

508,254.83 

1903 

$2,286.16 


1904 

533,004.26 

2,436.07 

$999.03 


536,439.36 

1905 

525,698.59 


200.94 

150.00 

529,088.48 

1906 

527,304.47 

4,349.68 

2,395.25 

19.44 

534,068.84 

1907 

522,934.05 


2,708.56 

15.22 

531,683.93 

1908 

567,761.65 

7,877.51 

25.68 

48,034.14 

623,698.88 

1909 

614,707.67 

11,182.07 

10,470.25 

2,351.48 

103,564.92 

731,806.14 

1910 

610,422.78 

1,319.29 

64,732.45 

676,944.73 

1911 

989,517.63 

10,892.26 

4,236.87 

923.16 

1,005,569.97 

1912 

1,131,118.41 

11,496.13 

1,658.88 

96,035.01 

1,240,308.42 

1913 

1,149,670.60 

12,208.66 

3,227.63 

345,769.95 

1,510,876.74 

1914 

1,164,382.80 

11,402.40 

7,819.70 

577,305.77 

1,760,910.67 

1915 

1,168,263.31 

10,297.79 

8,322.87 

28,162.79 

U15.046.76 

1916 

1,184,001.38 

12,544.16 

1,450.12 

153,204.40 

1,351,200.06 

1917 

1,201,111.35 

11,921.36 

32,950.22 

179,611.97 

1,425,594.89 

1918 

1,230,891.47 

9,921.00 

39,833.23 

255,354.60 

1,536,000.30 

1919 

1,251,141.98 

12,837.58 

53,549.98 

214,408.99 

1,532,028.53 

1920 

1,272,000.28 

18,393.79 

4,088.63 

176,249.81 

1,470,732.51 

1921 

1,282,652.47 

16,684.61 

4,068.69 

210.518.96 

1,513,924.63 

1922 

1,287,525.61 

14,081.84 

9,395.66 

34,527.38 

1,345,530.49 

1923 

1,306,828.85 

13,841.76 

9,739.17 

1,720,808.90 

3,051,218.68 

1924 

1,308,556.56 

11,994.21 

18,663.38 

409,712.28 

1,748,926.43 

1925 

1,379,281.51 

13,680.74 

14,315.03 

825,156.17 

2,232,433.45 

1926 

1,356,213.02 

14,039.02 

44,766.64 

167,898.35 

1,582,917.03 

1927 

1,385,436.33 

10,032.42 

19,049.80 

1,814,461.93 

3,228,980.48 

1928 

1,715,492.49 

10,924.25 

31,144.42 

26,068,636.68 

27,826,197 M 

1929 

1,593,667.77 

1,644,909.66 

8,925.91 

110,724.28 

6,367,398.68 

8,080,716.64 


9,468.94 

61,767.38 

1,922,049.30 

3,638,195.28 

1931 

1,682,548.03 

8,482.73 

30,359.12 

2,213,749.06 

3,935,138.94 

Total 

32,342,921.68 

301,738.24 

521,161.83 

*43,990,477.40 

77,156,269.15 


♦Of this amount $36,853,145.38 came from the sale of bonds; $52,015.74 
from the Colburn Estate; and $6,970,281.24 from the Carnegie Corporation of 
New York. 

The purposes for which funds have been appropriated by 
the Board of Trustees of the Institution may be classified 
under five heads: (1) Investments in bonds; (2) large proj- 
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ects; (3) minor grants and payments from Pension, Insur¬ 
ance, and General Contingent Funds; (4) publications; (5) 
administration. The following table shows the actual expen¬ 
ditures under these heads for each year since the foundation 
of the Institution. 



Purchase 
of bonds 



1100,475.00 
190,159.72 
51,937.50 
63,015.09 
00 




Aggregate of expenditures 


Large 

projects 


Minor 
grants 
and pay¬ 
ments from 
Pension, 
Insurance, 
and 

General 

Contingent 

Funds 

Publica¬ 

tions 

$4,500.00 


137,564.17 

$938.53 

217,383.73 

11,590.82 

149,843.55 

21,822.97 

93,176.26 

42,431.19 

90,176.14 

63,804.42 

61,282.11 

49,991.55 

70,813.69 

41,577.48 

83,464.63 

49,067.00 

5 72,048.80 

37,580.17 

t 103,241.73 

44,054.80 

i 110,083.06 

53,171.59 

l 107,607.55 

44,670.55 

i 109,569.37 

46,698.56 

L 99,401.26 

73,733.38 

7 100,746.13 

62,884.61 

9 170,470.74 

44,394.83 

2 203,810.84 

68,964.23 

3 159,633.49 

95,933.10 

5 171,895.22 

81,388.33 

9 192,325.46 

96,227.01 

5 232,344.69 

89,402.06 

7 230,291.90 

87,790.74 

B 225,307.45 

103,531.67 

B 254,977.20 

84,526.23 

5 258,709.17 

85,221.42 

9 281,308.76 

93,571.02 

i 324,121.39 

95,164.52 

i 274,811.52 

113,254.12 

L 288,786.36 

113,094.11 


Adminis¬ 

tration 



45,292.21 

44,011.61 


43.791.13 

43.552.89 
44,159.54 
48,224.04 
49,454.08 
48,766.29 
49,118.76 
55,742.83 

68.739.90 

58.730.11 
56,405.15 
63,493.46 
65,076.47 
67,266.71 
65,871.48 

67.283.11 
73,052.60 
69,549.41 

73.437.13 
76,055.89 


•32,013.00 


511,949.88 

530,763.73 

623,216.80 

702,534.39 

676,163.01 

769,460.94 

662,373.79 

661,616.31 

1,147,037.63 

1,571,572.60 



76,840,509.45 
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On account of site for and construction of the Adminis¬ 
tration Building of the Institution, and on account of 
investment* in real estate, buildings and equipment of de- 
Fropeny partmental establishments, the following 
sums have been expended since the foundation of the 
Institution: 

Real Estate and Equipment, Original Cost 

Administration (October 31,1931): 

Washington, D. C. ( 

Building, site and equipment. 1342,846.33 


Division of Plant Biology (September 30,1931): 

Palo Alto, Calif. 

Buildings and grounds. $158,410.80 

Laboratory. 42,381.91 

Library. 18,905.46 

Operating appliances. 20,351.54 

Department of Embryology (September 30,1931): 

Baltimore, Md. 

Library. 2,663.58 

Laboratory. 12,057.42 

Administration. 6,426.53 

Department of Genetics (September 30,1931): 

Cold Spring Harbor, Long Island, N. Y. 

Buildings, grounds, field. 284,897.27 

Operating. 24,873.99 

Laboratory apparatus. 20,093.32 

Library. 35,345.95 

Archives. 45,488.90 

Geophysical Laboratory (September 30,1931): 

Upton St., Washington, D. C. 

Building, library, operating appliances. 208,384.17 

Laboratory apparatus. 133,268.83 

Shop equipment. 14,809.37 

Division of Historical Research (Sept 30,1931): 

Tower Bldg., Washington, D. C. 

Operating..'. 6,802.86 

Library. 6,634.23 


to 


240,049.71 


21,147.53 


410,699.43 


356,462.87 


13,437.09 
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Tortuga* Laboratory (September 30,1931): 


Tortugas, Fla. 

Vewda. <30,930.43 

Buildings, docks, furniture and library. 12,130.86 

Apparatus and instruments. 9,322.55 


Department of Meridian Astrometry (September 30,1931): 

Albany, N. Y. 

Apparatus and instruments. 4,846.84 

Operating. 4,905.10 


Nutrition Laboratory (September 30,1931): 

Boston, Mass. 

Building, office and shop. 130,876.49 

Laboratory apparatus. 34,441.23 


Mount Wilson Observatory (August 31,1931): 

Pasadena, Calif. 

Buildings, grounds, road and telephone lines. 202,474.64 

Shop equipment. 45,642.69 

Instruments. 648,424.50 

Furniture and operating appliances. 192,100.75 

Hooker 100-inch reflector. 604,280.38 


Department of Terrestrial Magnetism (September 30,1931): 
Broad Branch Road, Washington, D. C. 


Building, site and office. 215,065.22 

Survey equipment. 93,612.69 


Instruments, laboratory and shop equipment— 141,609.67 


St 


<52,383.84 

9,751.94 

165,317.72 


1,692,922.96 

450,287.58 

3,755,306.50 
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PUBLICATIONS 

Sale* of PubUea- Amounts received from subscriptions to the 
t£ion U * Index Medicus, from sales of Year Books, and 
H "“ d from sales of all other publications for each year 
since the foundation of the Institution are shown in the table 
below. 


Table showing soles of publications 


Year 

Index 

Medicus 

Year 

Book 

Miscellaneous 

books 

1903. 

$2,256.91 

$29.25 

( 

1904. 

2^370.47 

52.85 

$12.75 

1905. 

2,562.76 

44.75 

431.44 

1906. 

2,970.56 

37.60 

1,341.52 

1907. 

3,676.71 

56.50 

2,292.89 

1908. 

3,406.19 

99.65 

4,371.67 

1909. 

4,821.85 

73.01 

6,287.21 

1910. 

4,470.50 

100.70 

5,899.05 

1911. 

4,440.21 

85.50 

6,366.65 

1912. 

4,652.14 

61.65 

6,782.34 

1913. 

4,992.02 

75.95 

7,140.69 

1914. 

5,079.16 

49.65 

6,273.59 

1915. 

5,010.21 

47.60 

5,239.98 

1916. 

4,382 19 

46.60 

8,115.37 

1917. 

4,616.21 

51.55 

7,253.59 

1918 . 

4,324.29 

21.10 

5,575 61 

1919. 

4,267.95 

93.30 

8,476.33 

1920. 

5,451.86 

40.50 

12,901.43 

1921. 

6,277.32 

50.55 

10,356.64 

1922 . 

5,774.59 

59.25 

8,248.00 

1923. 

5,777.46 

70.10 

7,994.20 

1924. 

4,533.68 

31.00 

7,429.53 

1925. 

5,636.25 

25.00 

8,019.49 

1926. 

5,728.31 

41.40 

8,269 31 

1927. 

1,650.65 

59.67 

8,322.10 

1928. 

887.85 

87.80 

9,948.60 

1929. 

433.70 

41.74 

8,450.47 

1930. 

363.65 

127.85 

8,977.44 

1931. 

574 30 

159.38 

7,749 05 

Total. 

111,389 95 

1,821 45 

188,726.84 


At the end of the fiscal year there are on hand 86,787 vol¬ 
umes of miscellaneous publications and Year Books, having 
a sale value of $259,968.20, also 1450 complete volumes of the 
Index Medicus which together with miscellaneous numbers 
have a value of $14,827. 
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Growth and Ei- The data furnished in the following table are 
tion’rVubUca" statistical interest in respect to the work of 
* ion » publication of the Institution. 614 volumes, 
which embrace a total of 181,815 pages of printed matter, 
have thus far been issued. 


Statistics of publications 



Number of 

Number of 

Number of 

Total 

Year 

volumes 

octavo 

quarto 

number of 


issued 

pages 

pages 

pages 

1902 .... 

3 

46 


46 

1003 ... 

3 

1,667 

2,843 


1,667 

2,877 

1904. 

ii 

34 

1906. 

21 

3,783 

1,445 

5,228 

1906... . 

19 

3,166 

1,288 

4,454 

1907. 

38 

6,284 

3,428 

9,712 

7,328 

1908. 

28 

4,843 

2,485 

1909 . .. 

19 

3,695 

1,212 

4,907 

1910. 

29 

3,274 

4,831 

8,105 

6,732 

1911.. .. 

30 

5,062 

1,670 

1912 .... 

23 

3,981 

2,044 

6,025 

1913 .... 

29 

6,605 

2,762 

9,357 

1914.. .. 

23 

4,978 

1,934 

6,912 

1915.... 

23 

4,689 

1,466 

6,152 

1916. 

36 

9,478 

2,430 

11,908 

1917 .. . 

21 

4,464 

3,073 

2,691 

7,155 

1918 .... 

17 

1,120 

4,193 

1919.. .. 

29 

5,834 

2,431 

8,265 

1920. 

23 

3,962 

3,710 

7,672 

1921... 

18 

4,068 

1,398 

5,466 

1922 .. 

24 

4,566 

2,039 

6,605 

1923. 

20 

6,459 

604 

7,063 

1924 .... 

17 

4,665 

834 

5,499 

1925. 

24 

3,970 

1,277 

5,247 

1926. 

14 

4,552 

850 

5,402 

1927. 

17 

4,520 

2,089 

8,609 

1928. 

15 

4,495 

1,044 

5,539 

1929 .... 

12 

4,938 

452 

5,390 

1930 .. . 

15 

4,096 

R44 

OT* 

4,940 

1931. .. 

14 

4,017 

1,343 

5,360 

Total.. 

614 

132,074 

49,745 

181,815 
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The publication of 11 volumes has been authorized by 
the Executive Committee during the year, at an aggre- 
Pubiication* gate estimated cost of $35,200. The follow- 
^ ^ ves titles and names of authors 
Ye " of the publications issued. It includes 14 
volumes, with an aggregate of 4017 octavo pages and 
1343 quarto pages. Eleven additional volumes are now 
in press. 

List of Publications issued by Carnegie InstitutiBn of Washington 
DURING THE YEAR ENDING OCTOBER 31, 1931 

Year Book No. 29 (1931). Octavo, xix+07+454 pages. 6 figures. 

No. 299. Burnett, E. C. Letters of Members of the Continental Congress. 
Octavo. 

Vol. V. January 1 , 1780, to February 28, 1871. lxiv+611 pages. 

No. 371. Bassett, John S. Correspondence of Andrew Jackson. Edited by 
John S. Bassett. Octavo. 

Vol. V. 1833 to 1838. xxiv+576 pages. 

No. 376 (In two parts). Sarton, George. Introduction to the History of 
Science. Octavo. 

Vol. II (in two parts): 

Part 1. Pages xxxv+1 to 480. 

Part 2. Pages 481 to 1251. 

No. 403 (Preprint). Contributions to American Archaeology from Carnegie In¬ 
stitution of Washington. Quarto. 

III. Ruppert, Karl. The Temple of the Wall Panels, Chichen Itza. 
Pages 117 to 140, 18 plates, 2 text-figures. 

No. 406 (In two vols.). Morris, Earl H., Jean Chariot, and Ann Axtell Morris 
Temple of the Warriors at Chichen Itza, Yucatan Quarto. 

Vol. I. xix+485 pages, frontispiece, 323 text-figures. 

Vol.II. vni pages and 170 plates (many of them colored). 

No. 400. Donnan, Elizabeth. Documents Illustrative of the History of the 
Slave Trade to America. Octavo. 

Vol. II. Eighteenth Century, lxiv+ 730 pages. 

No. 413. Papers from the Tortugas Laboratory of Carnegie Institution of Wash¬ 
ington. 

Vol. XXVII. Quarto, iv+105 pp., 22 plates, 14 text-figures. 

I. Tennent, D. H., M. S. Gardiner and D. E. Smith.—A Cytologi- 
cal and Biochemical Study of the Ovaries of the Sea Urchin, 
Echinometra lucunter. Pages 1-48, 7 plates. 

II. Miller, Ruth A., and Helen B. Smith.—Observations on the 
Formation of the Egg of Echinometra lucunter. Pages 47-52, 
6 plates. 
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III. Cary, Lewis R.—Studies on the Coral Reefs of Tutuila, Amer¬ 

ican Samoa, with Special Reference to the Alcyonaria. Pages 
63-98, 7 plates, 14 text-figs. 

IV. Hendee, E. C.—Formed Components and Fertilization in the 

Egg of the Sea Urchin, Lytechinus variegatus. Pages 99-105, 
2 plates. 

No. 414. Contributions to Embryology, vol. XXII. Nos. 126 to 133. Quarto, 
iv+192 pages, 39 plates, 44 text-figures. 

Streeter, George L.—Focal Deficiencies in Fetal Tissues and their 
Relation to Intra-uterine Amputation. (Contribution No. 126.) 
Pages 1-44, 12 plates, 11 text-figures. 

Allen, Edgar, J. P. Pratt, Q. U. Newell, and L. J. Bland—Human 
Tubal Ova; Related Early Corpora Lutea and Uterine Tubes. 
(Contribution No. 127.) Pages 45-76, 8 plates, 10 text-figures. 

Ropes, Marian W.—Phagocytic Activity and Morphological Variations 
of the Ciliated Epithelial Cells of the Trachea and Bronchi in 
Rabbits. (Contribution No. 128.) Pages 77-90, 1 plate. 

Hunter, Richard H.—Observations on the Development of the Human 
Female Genital Tract. (Contnbution No. 129.) Pages 91-108, 
5 plates. 

Wen, I. Chuan—Ontogeny and Phylogeny of the Nasal Cartilages in 
Primates. (Contribution No. 130.) Pages 109-134, 1 plate, 12 
text-figures. 

Heuser, Chester H.—A Human Embryo with 14 Pairs of Somites. 
(Contribution No. 131.) Pages 135-154, 4 plates, 8 text-figures. 

Grodzinski, Z.—Area Vitellina of Chick Blastoderm in Tissue Cultures. 
(Contribution No. 132.) Pages 155-172, 3 plates, 3 text-fiures. 

Wislocki, George B.—On a Series of Placental Stages of a Platyrrhine 
Monkey ( Ateles geoffroyi ) with some Remarks upon Age, Sex and 
Breeding Period in Platyrrhines. (Contribution No. 133.) Pages 
173-192, 5 plates. 

No. 418 (Preprint). Contributions to Palaeontology from Carnegie Institution of 
Washington. Octavo. 

I. Woodring, W. P.—Distribution and Age of the Marine Tertiary 
Deposits of the Colorado Desert. Pages 1-25, 1 fig. 

II. Furlong, Eustace L.—Distribution and Description of Skull Re¬ 
mains of the Pliocene Antelope Sphenophalos from the North¬ 
ern Great Basin Province. Pages 27-36, 5 pis., 1 fig. 

No. 419. Boas, Benjamin, Arthur J. Roy and William B. Vamum. Albany 
Catalogue of 20,811 Stars for the Epoch 1910. Quarto, lxxx+430 
pages. 

No. 421. Sturtevant, A. H., and T. Dobzhansky. Genetic Studies of Certain 
Chromosome Anomalies in Drosophila melanogaster. Octavo, 
vi+81 pages, 1 plate, 4 diagrams, 5 text-figs. 

This book contains the following papers: 

I. Sturtevant, A. H.—The Known and Probable Inverted Sections 
of the Autosomes of Drosophila melanogaster. 
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II. Dobzhansky, T., and A. H. Sturtevant—Translocations between 
the Second and Third Chromosomes of Drosophila and their 
Bearing on the (Enotherea Problems. 

III. Sturtevant, A. H.—Two New Attached-X Lines of Drosophila 
melanogaster and Further Data on the Behavior of Hetero¬ 
zygous Attached-X’s. 

Supplementary Publications 

No. 3. The Development of the Egg—A Symposium: 

As seen by the Embryologist, by George L. Streeter. 

As 6een by the Physiologist, by Carl G. Hartman. 

As seen by the Geneticist, by C. W. Metz. 

Miscellaneous t 

News Service Bulletin: 

Remnant of an Ancient Land-Bridge, vol. II, No. 12, 89-93, 1 map, 4 illus. 
Notes on Institution Affairs: The American Association for the Advance¬ 
ment of Science Prize Awarded to Carnegie Institution Investigators, 
93-94, 1 illus. 

Basal Metabolism. Pt. I: What It Is, by Dr. Francis G. Benedict, vol. II, 
No. 13, 97-100, 3 illus.; Pt. II: An Index of Vital Activity, by Dr. Francis 
G. Benedict, vol. II, No. 14, 101-104, 4 illus. Notes on Institution 
Affairs: Report of 1930 Exhibition Committee, 105-106; The Petrified 
Forest of California (School Edition, 102-104). 

Drifting Meadows of the Sea. Pt. I: The Food-Chain, vol. II, No. 15, 109— 
112, 4 illus.; Pt. II: Transfer of Fertilizers, vol. II, No. 16, 113-117, 5 
illus. The Rationale of Weight Reduction, by Dr. Francis G. Benedict, 
117-118. 

The Maya of Middle America. Pt. I: The Archaeological Problem, by Dr. 
A. V. Kidder, vol. II, No. 17. 121-124,1 map, 4 illus.; Pt. II: The Temple 
of the Warriors, by Earl H. Morris, vol. II, No. 18, 125-130, 5 illus.; 
Pt. Ill: Restoration of the Turquoise Mosaic Plaque, by Shoichi Ichi¬ 
kawa, vol. II, No. 19, 131-134, 5 illus., 1 color plate; Pt. IV: Bas-Reliefs 
from the Temple of the Warriors, by Jean Chariot, vol. II, No. 20, 135- 
138, 4 illus., 1 color plate; Pt. V: Murals from the Temple of the War¬ 
riors, by Ann'Axtell Morris, vol. II, No. 21. 139-144, 7 illus., 1 color plate. 

Man and the Extinct Sloths, vol. II, No. 22, 147-151, 1 map, 5 illus. Notes 
on Institution Affairs: Broad Program of Maya Research, 152. 
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BIBLIOGRAPHY 
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De Garis, C. F. Nucleus versus cytoplasm in the heredity of Paramecium caudatum as 
shown by conjugation of double monsters. Anat. Record, vol. 47, 393 (1930). 

- Genetic results from conjugation of double monsters and free individuals of 

Paramecium caudatum. Anat. Record, vol. 47, 393 (1930). 

Du Bois, A-M. Morphologische Untersuchungen iiber die Entwicklung des Kopulations- 
apparates der intersexuellen Weibchen von Lymantria dispar L. Roux’ Arch. f. 
Entwick. d. Organismen, vol. 124, 93-137 (1931). 

Firor, W. M. See Hartman, C. G. 

Gardner, R. E. See Lewis, M. R. 

Geilino, E. M. K. See Hartman, C. G. 

Halpebt, B., and F. D. Coman. A note on the muscle of Treitz. Anat. Record, vol. 48, 
suppl. 46 (1931). 

Hartman, C. G. The story of the baby opossum. Nature Mag., vol. 16, 93-96 (1930). 

- The development of the egg as seen by the physiologist. Sci. Mon., vol. 33, 

17-27 (1931). 

- The breeding season in monkeys, with special reference to Pitheout (Macacut) 

rhe»us. Jour. Mammalogy, vol. 12, 129-142 (1931). 

-, W. M. Firor and E. M. K. Geilino. Menstruation and the anterior pituitary. 

Proc. Soc. Exper. Biol, and Med., vol. 38, 185-187 (1930). 

The anterior lobe and menstruation. Amer. Jour. Physiol., vol. 

95, 662-669 (1930). 

—, W. H. Lewis, F. W. Miller and W. W. Swett. First findings of tubal ova in 
the cow, together with notes on oestrus. Anat. Record, vol. 48, 267-275 (1931). 

See Lewis, W. H.; Tinklepaugh, O. L. 

Heard, O. O. A photographic method of orienting serial sections for reconstruction. 
Anat. Record, vol. 49, 59-70 (1931). 

Heuser, C. H. The mesoderm of the body stalk in young human embryos. Anat. Record, 
vol. 48, suppl., 47 (1931). 

Hines, M. Studies on the innervation of skeletal muscle. III: Innervation of the extrin¬ 
sic eye muscles of the rabbit. Amer. Jour. Anat., vol. 47, 1-53 (1931). 

Howell, A. B. Myology of the narwhal (Monoion monocerut). Amer. Jour. Anat., vol. 
46, 187-216 (1930). 

-, and W. L. Straus JR. The biceps braehii muscle in primates. Anat. Record, 

vol. 48, suppl. 48-49 (1931). 

-,- The coracobrachialis muscle in primates. Anat. Record, vol. 48, suppl. 

49 (1931). 

Huber, E. Evolution of facial musculature and cutaneous field of trigeminus. Part II. 
Quart. Rev. Biol., vol. 5, 389-437 (1930). 

-Studies on the organization of the monotremes contrasted with the marsupials 

and placentals. Morph. Jahrb., vol. 66, 46-64 (1931). 
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Langworthy, 0. R., and C. P. Richter. The influence of efferent cerebral pathways 
upon the sympathetic nervous system. Brain, vol. 53, 178-104 (1030). 

Lawler, T. G. See Lewis, M. R. 

Lewis, M. R. Effect of dyes on the virus of chicken tumor No. 1. Amer. Jour. Hygiene, 
vol. 12, 288-206 (1030). 

- , E. S. G. Barron and R. E. Gardner. Comparison of the reducing power of cancer 

tumorB and tumors produced by filterable viruses. Proc. Soc. Exper. Biol, and Med., 
vol. 28, 684-685 (1031). 

-, and T. G. Lawler. The substitution of soluble starch for dextrose in the medium 

used for tissue cultures. Anat. Record, vol. 48, suppl. 51 (1031). 

-•, and W. Mendelsohn. Salting out of the causative agent of chicken tumor with 

the globulin fraction of a Berkefeld filtrate of the tumor. Amer. Jour. Hygiene, 
vol. 12, 686-680 (1030). 

Purified (protein-free) virus of chicken tumor No. 1. Amer. Jour. 
Hygiene, vol. 13, 630-642 (1931). 

Lewis, W. H. Living mouse eggs. Anat. Record, vol. 48, tuppl. 52 (1031). 

- An unfertilized human tubal egg. Anat. Record, vol. 48, Buppl. 52 (1031). 

- A human tubal egg, unfertilized. Johns Hopkins Hosp. Bull., vol. 48, 368-372 

(1031). 

- On locomotion of lymphocytes. Anat. Record, vol. 48, suppl. 52-53 (1031). 

- Pinocytosis. Johns Hopkins Hosp. Bull., vol. 49, 17—27 (1931). 

- The outgrowth of endothelium and capillaries in tissue culture. Johns Hopkins 

Hosp. Bull., vol. 48, 243-253 (1931). 

-, and C. G. Hartman. Three living monkey eggs in cleavage, with motion pictures 
of one. Anat. Record, vol. 48, suppl. 53 (1931). 

See Hartman, C. G. 

Mather, V. The question of plurisegmental innervation of certain muscles in the frog. 
Amer. Jour. Physiol., vol. 34, 604-610 (1930). 

Mendelsohn, W. See Lewis, M. R. 

Metz, C. W. Chromosomal differences between germ cells and soma in Sciara. Biolog. 
Zentralbl., vol. 51, 119-124 (1931). 

-, and M. L. Schmuck. Differences between chromosome groups of soma and gem¬ 
line on Sciara. Proc. Nat. Acad. Sci., vol. 17, 272-275 (1931). 

Miller, F. W. See Hartman, C. G. 

Olds, J. McK., and E. S. Stafford. On the manner of anastomosis of hepatic and portal 
circulations. Johns Hopkins Hosp. Bull., vol. 17, 176-185 (1930). 

Reese, A. M. The ductless glands of Alligator mis»is»ippicnsi». Smithsonian Miscell. 
Collect., vol. 82, pub. 3110 (1931). 

Richter, C. P. and G. B. Wislocki. Anatomical and behavior changes produced in the 
rat by complete and partial extirpation of the pituitary gland. Amer. Jour. Physiol., 
vol. 95, 481-402 (1030). 

- See Lanoworthy, O. R. 

Bankas, S. H. Relation of cranial module to capacity. Amer. Jour. PUvh. Anthrop., 
vol. 14, 305-315 (1930). 

Schmuck, M. L. See Metz, C. W. 

Schultz, A. H. The skeleton of the trunk and limbs of higher primates. Human Biol., 
vol. 2, 303-438 (1930). 

Smith, O. C. The corpus striatum, amygdala, and stria terminalis of Tamandua tetra- 
dactyla. Jour. Comp. Neurol., vol. 51, 65-112 (1930). 

Snyder, F. F., and G. B. Wislocki. The effect of the injection of urine from pregnant 
mammals on ovulation in the rabbit. Johns Hopkins Hosp. Bull., vol. 48, 362-367 
(1031). 

-,- The effect on ovulation in the rabbit of the injection of urine from preg¬ 
nant mammals. Anat. Record, vol. 48, suppl. 34 (1931). 
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Stafford, E. 8. The origin of the blood of the “placental sign.” Anat. Record, vol. 47, 
43-57 (1930). 

- See Olds, J. MoK. 

Straus, W. L. jb. The foot musculature of the highland gorilla (QoriUa beringei). 
Quart. Rev. Biol., vol. 5, 261-317 (1930). 

- See Howell, A. B. 

Streeter, G. L. Development of the egg as seen by the embryologist. Sci. Hon., vol. 
32, 495-506 (1931). 

- Early stages in the development of the ear vesicle in the human embryo. Anat. 

Record, vol. 48, suppl. 35 (1031). 

Swett, W. W. See Hartman, C. G. 

Tinklepauoh, 0. L. and C. G. Hartman. Behavioral aspects of parturition in the 
monkey {Macacut rhetut). Jour. Compar. Psychol., vol. 11, 63-98 (1930). 

Tower, S. S. A search for trophic influence of the sympathetic nervous system on the 
adult mammalian skeletal muscle fiber. Johns Hopkins Hosp. Bull., vol. 48, 115-129 
(1931). 

- A search for trophic influence of posterior spinal roots on skeletal muscle, with 

a note on the nerve fibers found in the proximal stumps of the roots after excision of 
the root ganglia. Brain, vol. 54, 99-110 (1931). 

Wislocki, G. B. Observations on the placenta from a case of malaria. Johns Hopkins 
Hosp. Bull., vol. 47, 157-163 (1930). 

- A study of scent glands in the marmosets, especially (Edipomtdu geoffrogi. 

Jour. Mammalogy, vol. 11, 475-483 (1930). 

- Notes on the female reproductive tract (ovaries, uterus and placenta) of the 

collared peccary ( Peeari angulatut bangsi Goldman), Jour. Mammalogy, vol. 12, 
143-149 (1931). 

- See Richter, C. P.; Sntdeb, F. F. 

Papers from Department of Genetics 

Avery, A. G. See Blakeslee, A. F. 

Banker, H. J. Mental age distribution in school progress. Jour. Educ. Res., vol. 23, 
No. 4, 273-279 (Apl. 1931). 

-See Blakeslee, A. F. 

Banta, A. M., and L. A. Brown. Factors involved in male production by crowded Mottto 
macrocopa mothers. Proe. Soc. Exper. Biol, and Med., vol. 28, No. 8, 820-822 (May 
1931). 

-, and Thelma R. Wood. Further studies on inheritance in Cladocera. Anat. 

Record, vol. 47, No. 3, 389-390 (Dec. 1930). 

- See Bbown, L. A.; Stuart, C. A. 

Benedict, Francis G. See Riddle, Oscar. 

Berqner, A. D., and A. F. Blakeslee. Chromosome configurations in intra- and inter¬ 
specific hybrids of Datura. (Abstract) 5th Int. Bot. Congress, Absts. of Communi¬ 
cations, 126-127 (Aug. 1930). 

- See Blakeslee, A. F. 

Blakeslee, A. F. Genetics at Storrs. Storrs Agr. Exper. Sta. Bull., vol. 168, 225-231 
(Nov. 1930). 

- Heredity and environment. Science Service Radio Talk. Sci. Mon., vol. 31, 

556-559 (Dec. 1930). 

- New methods for locating genes in particular chromosomes. (Abstract) Science, 

ns., vol. 73, No. 18^7, 508 (May 1931). 

- The genetic viewpoint. Science, n.s., vol. 73, No. 1900, 571-577 (May 1931). 

, and H. J. Ba nk er . Identical twins as biological controls in educational and other 
human problems. Proc. Amer. Phil. Soc., vol. 69, No. 6, 379-384 (1930). 
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Blakeslee, A. F., S. Satina, A. D. Bergneb, J. S. Potter and A. G. Avert. F,’s from 
radium-treated pollen. (Abstract) Anat. Record, vol. 47, No. 3, 383 (Dec. 1930). 

- See Banker, H. J.; Beroner, A. D.; Buchholz, J. T.; Satina, S. 

Braucheb, Pela Fat. See Riddle, Oboar. 

Brown, L. A., and A. M. Banta. Temperature and male production in the Cladocera 
Moina maeroeopa. Anat. Record, vol. 47, No. 3, 302 (Dec. 1930). 

- See Banta, A. M. 

Buchholz, J. T., and A. F. Blakeslee. Pollen tube growth and control of gametophytic 
selection in Cocklebur, a 25-chromosome Datura. Bot. Gaz., vol. 90, No. 4, 366-383 
(Dec. 1930). 

-,- Pollen-tube growth and seed production after radium treatment. (Ab¬ 
stract) Anat. Record, vol. 47, No. 3, 382 (Dec. 1930). 

Burns, Frances H. See Riddle, Oscar. 

Christman, Guinevere. See Riddle, Oscar. 

Cooper, H. J. See Stuart, C. A. 

Davenport, Chas. B. Mechanism of organic evolution. Joun Wash. Acad. Sci., vol. 20, 
No. 14, 317-331 (Aug. 1930). 

- Some criticisms of “Race Crossing in Jamaica.” Science, n.s., vol. 72, No. 1872, 

501-502 (Nov. 1930). 

- Adolescent spurt in growth. Mem. vol. 60th birthday of Prof. V. Ruzigka, 9 

pp. + Czechoslovakian abst. (1930). 

- Litter size and latitude. Arch. f. Rass- und Gesell-Biol., vol. 24, 97-99 (1930). 

- Hearing in children when both parents have otosclerosis. Trans. Amer. Laryngo- 

logical, Rhinological and Otological Soc., 1-7 (1930). 

-> and Blanche M. Minooue. Intelligence quotient and the physical quotient: 

Their fluctuation and intercorrelation. Human Biol., vol. 11, No. 4, 473-507 (Dec. 
1030). 

Demerec, M. A genetic factor affecting germinal mutability of miniature-alpha wing 
character of Drosophila virilis. In “The Laws of Life,” mem. vol. 60th Birthday 
Prof. V. Ruzieka, Aventinum, Prague, 45-56 (1930). 

- Relation between the X-ray dosage and the frequency of primary non-disjunctions 

of X-chromosomes in Drosophila virilis. Proc. Nat. Acad. Sci., vol. 16, No. 11, 711- 
714 (Nov. 1930). 

- Behavior of two mutable genes of Delphinium ajacis. Jour. Genetics, vol. 24, 

No. 2, 179-193 (1931). 

-, and J. G. Farrow. Non-disjunction of the X-chromosome in Drosophila virilis. 

Proc. Nat. Acad. Sci., vol. 16, No. 11, 707-710 (Nov. 1930). 

Farrow, J. G. See Demerec, M. 

K&i2eneckT, J. See Riddle, Oscar. 

Laughlin, H. H. Race conditions in the United States. Amer. Year Book, 483-488 
(1930). 

MacDowell, E. C., and M. N. Richter. Studies on mouse leukemia, II: Hereditary 
susceptibility to inoculated leukemia. Jour. Cancer Res., vol. 14, No. 3, 434-439 
(Aug. 1930). 

-,- Genetic control of susceptibility to the inoculated mouse leukemia of lines 

I and L. (Abstract) Anat. Record, vol. 47, No. 3, 387 (Dec. 1930). 

-,- Studies on mouse leukemia. IV: Specificity of susceptibility to different 

lines of inoculated leukemia. Proc. Soc. Exper. Biol, and Med., vol. 28, No. 9, 1012- 
1013 (June 1931). 

See Richter, M. N.; Smith, P. E. 

McPherson, Maujuta. .Bee Stuart, C. A. 

Metz, Chas. W. A possible alternative to the hypothesis of selective fertilization in 
Sciara. Amer. Nat., vol. 64, No. 693, 380-382 (July-Aug. 1930). 
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Metz, Chas. W. Chromosomal differences between germ cells and some in Sciara. 
Biolog. Zentralbl, vol, 51, No. 3,119-124 (Mar. 1931). 

- -, and M. Louise Schmuck. Studies on sex determination and the sex chromosome 

mechanism in Sciara. Genetics, vol. 16, No. 3, 225-253 (May 1931). 

Differences between chromosome groups of soma and germ-line in Sciara. 
Proc. Nat. Acad. Sci., vol. 17, No. 5, 272-275 (May 1931). 

Helen B. Smith. Further observations on the nature of the X-prime chromo¬ 
some in Sciara. Proc. Nat. Acad. Sci., vol. 17, No. 4, 195-198 (Apr. 1931). 

Minogue, Blanche M. See Davenport, Chas. B. 

Nabours, Robert K. Emergent evolution and hybridism. Science, vol. 71, No. 1841, 371- 
375 (Apt. 1930). 

- Review of Roberts’ “Plant hybridization before Mendel.” Science, njs., vol. 72, 

No. 1863, 274-275 (Sept. 1930). 

- Induced parthenogenesis and homozygosis. Science, be., vol. 72, No. 1872, 502- 

503 (Nov. 1930). 

- A third alternative: emergent evolution. Sci. Mon., vol. 31, 453-456 (Nov. 1930). 

Post, Richard H. Anthropologische Messungen am lebenden Menschen. (Kritische 
Darstellung der Methoden.) Handb. der biol. Arbeitsmethoden, Abt. 7, Teil 2, 
461-522 (1931). 

Potter, J. S. See Blakeslee, A. F. 

Richter, M. N., and E. C. MacDowell. Studies on mouse leukemia. Ill: A comparison 
of four lines of leukemia transmitted by inoculation. Jour. Exper. Med., vol. 52, 
No. 6, 823-833 (Dec. 1930). 

- See MacDowell, E. C. 

Riddle, Oscar. Studies on the physiology of reproduction in birds. XXVII: The age 
distribution of mortality in bird embryos and its probable significance. Amer. Jour. 
Physiol., vol. 94, No. 3, 535-547 (Sept. 1930). 

- Factors in the development of sex and secondary sexual characteristics. Physiol. 

Reviews, vol. 11, No. 1, 03-106 (Jan. 1931). 

- XXIX: Season of origin as a determiner of age at which birds become sexually 

mature. Amer. Jour. Physiol., vol. 97, No. 4, 581-587 (July 1931). 

- , and Pela Fay Braucheb. XXX: Control of the special secretion of the crop- 

gland in pigeons by an anterior pituitary hormone. Amer. Jour. Physiol., vol. 97, 
No. 4, 617-625 (July 1931). 

- , Frances H. Burns. A conditioned emetic reflex in the pigeon. Proc. Soc. Exper'. 

Biol, and Med., vol. 28, No. 9, 979-981 (June 1931). 

-, Guinevere Christman, Francis G. Benedict. Differential response of male and 

female ring doves to metabolism measurement at higher and lower temperatures. 
Amer. Jour. Physiol., vol. 95, No. 1, 111-120 (Oct. 1930). 

, Jaroslav K&iZeneckT. XXVIII: Extirpation of thymus and bursa in pigeons 
with a consideration of the failure of thymectomy to reveal thymus function. Amer. 
Jour. Physiol, vol. 97, No. 2, 343-352 (May 1931). 

Satina, S, and A. F. Blakeslee. Imperfect sexual reactions in homothallic and hetero- 
thallic mucors. Bot. Gaz, vol. 90, No. 3, 299-311 (Nov. 1930). 

- See Blakeslee, A. F. 

Schmuck, M. Louise. See Metz, Chas. W. 

Smith, Helen B. See Metz, Chas. W. 

Smith, P. E, and E. C. MacDowell. An hereditary anterior-pituitary deficiency in the 
mouse. (Abstract) Anat. Record, vol. 46, No. 3, 249-257 (Aug. 1930). 

Steogerda, Morris. Effect of somatic injury upon yield in corn. Plant Physiol, vol. 3, 
432-435 (1930). 

- The inheritance of thin skin. Eugen. News. vol. 15, No. 10, 148 (Oct. 1930). 

- The inheritance of eye color. Eugen. News, vol. 15. No. 12, 175 (Dec. 1930). 
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Steooerda, M. Lack of scholastic interest. Eugen. News, vol. 16, No. 1, 0 (Jan. 1061). 

- Effect of ovarian injury on date of first egg in fowls. Poultry Science, vol. 10, 

No. 2, 98-103 (Jan. 1931). 

- The inheritance of bronchial trouble. Eugen. News, vol. 16, No. 2, 26-28 (1931). 

- Some psychological tests used in studies of race crossing. Eugen. News, vol. 16, 

No. 2, 25-26 (Feb. 1931). 

-- A family of mechanics. Eugen. News, vol. 16, No. 4, 58-59 (Apr. 1931). 

The inheritance of hair form. Eugen. News, vol. 16, No. 4, 56-57 (Apr. 1931). 

Stuabt, C. A., and A. M. Banta. Available bacteria and the sex ratio in Moina. 
Physiol. Zool., vol. 4, No. 1, 72-86 (Jan. 1931). 

-, Maubita McPherson and H. J. Cooper. Studies on bacteriologically sterile 

Moina macrocopa and their food requirements. Physiol. Zool., vol. 4, No. 1, 87-100 
(Jan. 1031). 

Wood, Thelma. See Banta, A. M. 

Papers from Geophysical Labobatobj 

Adams, L. H., and R. E. Gibson. The melting curve of sodium chloride dihydrate. An 
experimental study of an incongruent melting at pressures up to twelve thousand 
atmospheres. Jour. Amer. Chem. Soc.. vol. 52, 4252-4264 (1930). 

-■, and R. E. Hall. The influence of pressure on the solubility of sodium chloride in 

water. A new method for the measurement of the solubilities of electrolytes under 
pressure. Jour. Wash. Acad. Sci., vol. 21, 183-194 (1931). 

Barth, Tom. F. W. Crystallization of pyroxenes from basalts. Amer. Mineral., vol. 16, 
195-208 (1931). 

- Mineralogical petrography of Pacific lavas. Amer. Jour. Sci., vol. 21, 377-405, 

491-530 (1931). 

-, and E. Posnjak. The spinel structure: An example of variate atom equipoints. 

Jour. Wash. Acad. Sci., vol. 21, 255-258 (1931). 

Bowen, N. L., J. F. Schairer and H. W. V. Willems. The ternary system: Na,SiO,* 
Fe,0,-SiO,. Amer. Jour. Sci., vol. 20, 405-455 (1930). 

- See Morey, G. W. 

Foote, H. W., and J. F. Schairer. The system Na,8o 4 -NaF-NaCl-H,0. I: The ternary 
systems with water and two salts. II: The quaternaiy system at 25 and 35°. Jour. 
Amer. Chem. Soc., vol. 52, 4202-4217 (1930). 

Gibson, R. E. The Active volumes of sodium sulphate in aqueous solutions of sulphuric 
acid and of iodine in an aqueous solution of potassium iodide. Jour. Phys. Chem., 
vol. 35, 690-699 (1931). 

- See Adams, L. H. 

Henderson, E. P. See Ross, C. S. 

Keyes, Mary G. See Washington, H. S. 

Kraoek, F. C. The binary Bystem LijO-SiO,. Jour. Phys. Chem., vol. 34, 2641-2050 
(1930). 

- Solubilities in the system water-iodine to 200°. Jour. Phys. Chem., vol. 35, 417- 

422 (1931). 

- The solubility of potassium iodide in water to 240°. Jour. Phys. Chem., vol. 35, 

947-949 (1931). 

- Gradual transition in sodium nitrate. I: Physico-chemical ei iteria of the transi¬ 
tion. Jour. Amer. Chem. Soc., vol. 53, 2609-2624 (1931). 

and C. J. Ksanda. The polymorphism of sodium sulfate. IV: X-ray analysis. 
Jour. Phys. Chem., vol. 34, 1741-1744 (1930). 

See Morey, G. W. 

Ksanda, C. J, A pantograph for enlarging X-ray photographs. Rev. Sci. Instr., vol. 2, 
305-306 (1931). 

- See Kbacek, F. C. 



REPOET OP THE PRESIDENT, 1831 


Lamson, Eleanor A. See Vening Mein esz, P. A. 

JfWNIN, H. E. Refractivity of birefringent crystals. International Critical Tables, vol, 
7, 16-38 (1080). 

- Some associations of ore minerals. Amer. Mineral., vol. 16, 93-96 (1981). 

- See Rousts, H. S. 

Must, G®oroe W. Analytical methods in phase rule problems. Jour. Phys. Chem., vol. 
34, 1748-1750 (1930). 

—— The devitrification of soda-lime*silica glasses. Jour. Amer. Ceram. Soc., vol. 13. 
688-713 (1930). 

——— The effect of magnesia on the devitrification of a soda-lime-silica glass. Jour. 
Amer. Ceram. Soc., vol. 13, 714-717 (1930). 

- The effect of alumina on the devitrification of a soda-lime-silica glass. Jour. 

Amer. Ceram. Soc., vol. 13, 718-724 (1930). 

- Glass, its composition and properties. Jour. Chem. Educa.. vol, 8, 421 441 (1031). 

- The interpretation of phase equilibrium diagrams. Glass Industry, vol. 12, 69-80 

(1031). 

- Chemistry of the silicates. Ann. Surv. Amer. Chem., vol. 5, 457-469 (1930). 

Devitrification of “Pyrex” glasses. Jour. Amer. Ceram. Soc., vol. 14,529-331 (1931). 

-—. F. C. Kracek and N. L. Bowen. The ternary system, K,0-CaO-SiO,. Jour. Soc. 

Glass Tech., vol. 14, 149-187 (1930). 

Pioqot, Charles Snowden. Isotopes and the problem of geologic time. Jour. Amer. 
Chem. Soc., vol. 52, 3161-3164 (1930). 

- Radium in rocks. II: Granites of eastern North America from Georgia to Green¬ 
land. Amer. Jour. Sci., vol. 21, 28-36 (1931). 

Radium in rocks. Ill: The radium content of Hawaiian lavas. Amer. Jour. 
Sci., vol. 22, 1-8 (1931). 

Posnjak, E. See Barth, T. F. W.; Ross, C. 8.; Tdnell, G. 

Roberts, H. S„ and H. E. Merwin. The system MgO-FeO-Fe,0, in air at one atmosphere. 
Amer. Jour. Sci., vol. 21, 145-157 (1931). 

-, and G. W. Morey. A micro-furnace for temperatures above 1000*. Rev. Sd. 

Instr., vol. 1, 576-580 (1930). 

Ross, Clarence S., E. P. Henderson and E. Posnjak. Clarkeite, a new uranium min¬ 
eral. Amer. Mineral., vol. 16, 213-220 (1931). 

Schairer, J. F. See Bowen, N. L.; Foote, H. W. 

Tunell, G., and E. Posnjak. The stability relations of goethite and hematite. Boon. 
Geol., vol. 26, 837-343 (1931). 

-,- A portion of the system, ferric oxide-cupric oxide-sulphur trioxide-water. 

Jour. Phys. Chem., vol. 35, 929-946 (1931). 

Vening Meinesz, F. A., and F. E. Weight. The gravity measuring cruise of the U. 8. 
Submarine 8-21. (With appendix on computational procedure by Eleanor A. 
Lamson.) Pubs. U. S. Naval Observatory, 2d Series, vol. 13, Appendix 1, 1980. 
X -(- 94 pp. 

Washington, Henry S. The chemical analysis of rocks. 4th ed., 1930. xi + 296 pp. 
John Wiley and Sons, New York, N. Y. Price, |4.O0. 

- Beryllium in minerals and igneous rocks. Amer. Mineral., vol. 16, 87-41 (1931). 

- , and Mary G. Keyes. Rocks of the Pribilof Islands. Amer. Jour. Sci, vol. 20, 

321-338 (1930). 

Willems, H. W. V. See Bowen, N. L. 

Weight, F. E. A spherical projection chart for use in the study of elliptically polarised 
light. Jour. Opt. Soc. Amer, vol. 20, 529-564 (1980). 

- See Vening Meinesz, F. A. 

Zns, E. G. Physical methods in analytical chemistry. Ann. Surv. Amer. Chem., vol. 5, 
108-117 (1930). 
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Papers from Division wr Historical Research 

Bonnan, Elizabeth. 'The early days of the South Sea Company, 1711-1718. Jour. Eco- 
Domic {and Business Hist., vol. 2,419-450 (1930). 

- The New England slave trade after the Revolution. New Eng. Quart., vol. 2, 251- 

278 (1930). 

- Agitation against slave trade in Rhode Island, 1784-1790. In Persecution and 

Liberty: Essays in Honor of George Lincoln Burr (New York, Century Co.), 473-482 
(1931). 

Goodneb, Kenneth. Incidence of blood groups among the Maya Indians of Yucatan. 
Jour. Immunology, vol. 18, 433-435. 

- See Shattxjck, G. C. 

Hillman, C. Doris. George Graham, maker of horological and astronomical instruments. 
Yassar Jour. Undergraduate Studies, vol. 5, 221-251 (1931). 

•- George Graham. Pop. Astron., vol, 39, 186-199 (1931). 

-Jefferson’s efforts towards the decimalization of U. S. weights and measures. 

Isis. 

-John Bird. Mathematical instrument-maker of the Strand. Isis. 

An unpublished diary of Edward Jenner. In Annals of Medical History. 

HlMPL, George. Mediterranean Studies. I: The genesis of European alphabetic writing; 

, II: Minoan seals. Frontispiece and 23 illustrations. Stanford University Pub., 
Univ. Ser., Language and Literature, vol. 5, No. 1 (1930). 

Kidder, A. V. The pottery of Pecos. Vol I: The dull-paint wares. Papers Southwestern 
Expedition of Phillips Academy, No. 5 (1931). 

- The future of man in the light of his past. Sci. Mon., vol. 32, 289-293 (1931). 

- The archeological problem of the Maya. Art and Archeology, vol. 31, No. 6, 

291-297 (1931). 

Lowe, E. A. Review of B. Katterbach, A. Pelzer, and C. Silva-Tarouca: Exempla Scrip* 
turarum, edits consilio et opera Procuratorum Bibliothece et Tabularii Yaticani, 
I: Codices Latini Seculi xra. Engl. Hist. Rev., vol. 45, 693 (Oct. 1930). 

- Review of P. Deschamps: Etude sur la paleographie des inscriptions lapidaires 

de la fin de I’epoque merovingienne aux dernieres annles du xn* siecle. Studi 
Medievali, vol. 3, 347-348 (1930). 

- Review of E. K. Rand: A survey of the manuscripts of Tours, I (text) and n 

(plates). Engl. Hist. Rev., vol. 46, 146-150 (Jan. 1931), 

- A list of the oldest extant manuscripts of Saint Augustine, with a note on the 

Codex Bambergensis. Miscellanea Agostiniana, vol. 2 (Studi Agostiniani, 235-251), 
4 pis., Rome (1931). 

— - Nouvelle liste de Membra disjecta. Revue Benedictine, vol. 43, 102-104 (1931). 

-- Nugse Paleographies. In Persecution and Liberty: Essays in honor of Professor 

George Lincoln Burr. Pages 55-69, 4 pis., New York (1931). 

Morris, E. H. The temple of the warriors. Art and Archeology, vol. 31, No. 6, 298-305 
(1931). 

Paulun, Charles O. Early landmarks between Great Hunting Creek and the Falls of 
the Potomac. Columbia Hist. Soo. Rec., vol. 31-32, 53-79 (1931). 

—- Five sketches in Dictionary of American Biography. Vol. 6, 10 pp. (1931). 

Pelseneer, Jean. Un journal in4dit de Hooke. Isis, vol. 15, 97-103 (1931). 

-Le dernier autographe de Newton. Isis. 

— -- A propos de notations mathematiques. Isis, 

-Gilbert, Bacon, Galilee, Kepler, Harvey et Descartes; leur relations. Isis. 

- Project for the publication of Newton’s correspondence. Archeion. 

Pooo, Alexander. The astronomical ceiling-decoration in the tomb of Senmut (18th 
dynasty). Isis, vol. 14, 301-325 (1930). 
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POflO, Alexander. Carl Schoch (1873-1929). Isis, vol. 15, 163-169 (1931). 

—- Zum Problem der Identifikation der nordlichen Sternbilder der alien Aegypter. 

Isis, vol. 16, 102-114 (1931). 

- The anonymous “La Conquista del Peru" (Seville, April 1534); and the “Libro 

Ultimo del 8ummario delle Indie Occidental^’ (Venice, October 1534). Proc. Amer. 
Acad. Arte and Science*, vol. 64, No. 8 (1931). 

8Arrow, George. Discovery of the dieperaion of light and of the nature of color (1672). 
Isis, vol. 14, 326-341 (1930). 

- Note on the uae of the word kardaja. Isis, vol. 14, 420-422 (1930). 

- Twenty-eighth critical bibliography of the History and Philosophy of Science and 

of the History of Civilization, to January 1930. 750 items. Iais, vol. 14, 459-578 
(1930). 

- The history of science and the new humanism (Colver lectures, Brown Univer¬ 
sity, 1930). 178 pages, New York, Henry Holt (1931). 

-The discovery of the electric cell (1800). Isis, vol. 15, 124-157 (1931). 

- Eugenio Rignano (1870-1930), with bibliography and portrait. Isis, vol. 15, 

158-162 (1931). 

- Jorach (or Yfirih), unknown author of a book on animals. Isis, vol. 15, 171-172 

(1931). 

- Twenty-ninth critical bibliography of the History and Philosophy of Science and 

of the History of Civilization, to May 1930. 723 items. Isis, vol. 15, 197-328 (1931). 

Thirtieth critical bibliography of the History and Philosophy of Science and of 
the History of Civilization, to October 1930. 670 items. Isis, vol. 15,392-501 (1931). 

Shattcck, G. C., and K. Goodneb. Preliminary communication on treponematosis in 
Yucatan. Amer. Jour. Tropical Medicine, vol. 10, 177-182 (1931). 

- Water in relation to the endemic diarrheas in Yucatan. Amer. Jour. Tropical 

Medicine, vol. 10, 427-433 (1931). 

-Notes from Yucatan. Harvard Alumni Med. Bull., vol. 5, No. 3, 16-22 (1931). 

Health precautions advised for Yucatan. Carnegie Inst. Wash, leaflet. 

Stock. Leo F. An American consul joins the Papal zouaves. Catholic World, vol. 132, 
146-150 (Nov. 1930). 

Papebs from Department of Meridian Astrometby 

Albrecht, Sebastian. The spectrum of Gamma Geminorum. Astrophys. Jour., vol. 72, 
65-97 (1930). 

Wilson, Ralph E., and Harry Raymond. The space motions of 4233 stars. Astr. Jour., 
vol. 40, 123-143 (1930). 

Papers from Mount Wilson Observatory 

Adams, Walter S. Summary of the year’s work at Mount Wilson. Pubs. A. S. P., vol. 
42, 319-329 (1930). 

- Mount Wilson Observatory (Reports of Observatories). Pop. Astron., vol. 39, 

209-215 (1931). 

- The reason and the results of Dr. Einstein’s visit to the California Institute of 

Technology. 8cience, nj., vol. 73, 381 (1931), 

-, and Robooe F. Sanford. Note on the spectrum of < Aurigse. Pubs. A. 8. P„ vol. 
42, 203-208 (1930). 

8ee Sanford, Roscoe F. 

Babcock, Harold D. The relative number of lines of different intensity in the solar 
spectrum. Pubs. A. S. P., vol. 42, 209-213 (1930). 

- The classification of iron lines. Read at Eugene meeting, Amer. Phys. Soc. 

(1930); (Abstract) Phys. Rev., vol. 36, 784-785 (1930). 
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Babcock, Harold D., and R. T. Biroe. Precision determination of the mass ratio of 
oxygen 18 and 16. Read at Los Angeles meeting, Amor. Phys. Soc. (1930); (Abstract) 
Phys. Rev., vol. 37, 233 (1931). 

-, and W. P. Hook. New data on the absorption bands of atmospheric oxygen. 

Read at Los Angeles meeting, Amer. Phys. Soc. (1930); (Abstract) Phys. Rev., vol. 
37, 227 (1931). 

Bdoe, R. T. See Babcock, Harold D.; Kino, Arthur S. 

Burwell, Cora G. Note on lines in the red region of the spectra of dwarf stars of classes 
K and M. Pubs. A. 8. P., vol. 42, 351-364 (1930). 

Christie, William H. Report on a search for further satellites of the planets Uranus 
and Neptune. Read at Eugene meeting, A. S. P. (1930); (Abstract) Pubs. A. S. P., 
vol. 42, 253 (1930). 

- See Humason, Milton L. 

Duncan, John C. See Hubble, Edwin. 

Dunham, Theodore jr. Stellar laboratories. Pubs. A. S. P., vol. 43, 103-124 (1931). 

Hale, George E. The spectrohelioscope and its work. Pt. Ill: 8olar eruptions and their 
apparent terrestrial effects. Astrophys. Jour., vol. 73, 379-412 (1931); Mt. Wilson 
Contr., No. 425. 

- The spectrohehoscope and its work. Pt. IV: Methods of recording observations. 

Astrophys. Jour., vol. 74, 214-222 (1931); Mt. Wilson Contr., No. 434. 

- Some of Michelson’s researches. Pubs. A. S. P., vol. 43, 175-185 (1931). 

-Signals from the sun. Scribner’s Mag., vol. 90, 36-42 (1931). 

Hook, Wendell P. See Babcock, Harold D. 

Hubble, Edwin. Velocity-distance relation among extra-galactic nebula. Read at Pasa¬ 
dena meeting, Nat. Acad. Sci. (1930); (Abstract) Science, ns., vol. 72, 407 (1930). 

- The distribution of nebula. Read at joint session, Section D, A. A. A. S., and 

A. S. P., Pasadena (1931); (Abstract) Pubs. A. S. P., vol. 43, 282-284 (1931). 

-, and Milton L. Humason. The velocity-distance relation among extra-galactic 
nebula. Astrophys. Jour., vol. 74, 43-80 (1931); Mt. Wilson Contr., No. 427. 

-, and John C. Duncan. The nebulous envelope around Nova Aquila 1918. Read 

at Chicago meeting, Amer. Astron. Soc. (1930); (Abstract) Pop. Astron., vol. 38, 598 
(1930). 

Humason, Milton L. Apparent velocity-shifts in the spectra of faint nebula. Astro¬ 
phys. Jour., vol. 74, 35-42 (1031); Mt. Wilson Contr., No. 426. 

- The large apparent velocities of extra-galactic nebula. A. S. P. Leaflet, No. 37, 

4 p. (1931). 

-, and William H. Christie. Note on two F-type stars with bright lines. Read at 
Eugene meeting, A. S. P. (1930); (Abstract) Pubs. A. S. P., vol. 42, 252 (1930). 

See Hubble, Edwin; Seabes, Frederick H. 

Intensity of the ultra-violet radiation (Mount Wilson). Bull, for character figures of 
solar phenomena, Nos. 1-13, p. 2, 10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54 (1928- 
1931). 

Jot, Alfred H. The spectrographic orbit of RS Canum Venaticorum. Astrophys. Jour., 
vol. 72, 41-45 (1930); Mt. Wilson Contr., No. 403. 

-The spectroscopic orbit of RT Lacerte. Astrophys. Jour., vol. 74, 101-104 

(1931); Mt. Wilson Contr., No. 429. 

- Variation in the period of the eclipsing variable U Sagitta. Read at Eugene 

meeting, A. 8. P. (1930); (Abstract) Pubs. A. S. P., vol. 42, 254 (1930). 

- Short-period variable stars. A. S. P. Leaflet, No. 34, 4 p. (1931). 

- , and Bancroft W. Bitterly. Photometric and spectrographic orbits of TT Auriga. 

Astrophys. Jour., vol,*73, 77-93 (1931); Mt. Wilson Contr., No. 419. 

Joyner, Mary C. See Seabes, Frederick H. 
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King, Arthur S. Temperature classification of the spectra of europium, gadolinium, 
terbium, dysprosium, and holmium, \ 3850 to \ 4700. Astrophys. Jour., vol. 72, 221- 
255 (1930); Mt. Wilson Contr., No. 414. 

■ Temperature classification of the stronger lines of columbium, with preliminary 
notes on their hyperfine structure. Astrophys. Jour,, vol. 73, 13-25 (1931); Mt. 
Wilson Contr., No. 416. 

—— Further evidence on the occurrence of rare-earth lines in the solar spectrum. 
Read at Eugene meeting, A. S. P. (1930); (Abstract) Pubs. A. 8. P., vol. 42, 254-255 
(1930). 

and Raymond T, Biroe. Evidence from band spectra of the existence of a carbon 
isotope of mass 13. Astrophys. Jour., vol. 72,19-40 U930); Mt. Wilson Contr., No. 402. 
-, and WltLIAM F. Meggers. Preliminary report on an investigation of the spec¬ 
trum of columbium. Read at Los Angeles meeting, Amer. Phys. Soc. (1930); (Ab¬ 
stract) Phys. Rev., vol. 37, 226-227 (1931). 

Mayall, NICHOLAS U. Recent novas in the great spiral nebula in Andromeda (M 31). 
Pubs. A. S. P., vol. 43, 217-220 (1931). 

- See Nicholson, Seth B.; StrSmbehg, Gustaf. 

Meggers, William F. See King, Arthur S. 

Merrill, Paul W. Notes on the spectra of ten bright-line stars of classes B and A. 
Astrophys. Jour., vol. 72, 98-110 (1930); Mt. Wilson Contr., No. 409. 

- The spectrum of H.D. 50138. Astrophys. Jour., vol. 73, 348-363 (1931); Mt. 

Wilson Contr., No. 423. 

-A plane-grating spectrograph for the red and infra-red regions of stellar spectra. 

Astrophys. Jour., vol. 74, 188-200 (1931); Mt. Wilson Contr., No. 432. 

- The light-curves of long-period variable stars. Pop. Astron., vol. 39, 121-136 

(1931). 

Forbidden iron lines in stellar spectra. Read at Pasadena meeting, Nat. Acad. 
Sci. (1930); (Abstract) Science, n.s., vol. 72, 407 (1930). 

Moore, Charlotte E. The presence of ionized lutecium in the sun. Pubs. A. S. P., vol. 
42. 346-347 (1930). 

- Atomic lines in the sun-spot spectrum. Read at New Haven meeting, Amer. 

ABtron. Soc. (1930-1931); (Abstract) Pubs. Amer. Astron. Soc., vol. 7, 10-11 (1931). 
Nichols, Edgar C. Engineering aspects of Michelson’s velocity-of-light experiment. Sci. 
Amer., vol. 144, 94-95 (1931). 

Nicholson, Seth B, The near approach of Eros. A. S. P. Leaflet, No. 31, 4 p. (1930). 

- , and NICHOLAS U. Mayall. Positions, orbit, and mass of Pluto. Astrophys. Jour., 

vol. 73, 1-12 (1931); Mt. Wilson Contr.. No. 417. 

The probable value of the mass of Pluto. Pubs. A. S. P.. vol. 42, 350-351 

(1930). 

-,-Note on the mass of Pluto. Pubs. A. S. P.. vol. 43, 74-75 (1931). 

-,-The orbit and mass of Pluto. Read at New Haven meeting. Amer. 

Astron. Soc. (1930-1931); (Abstract) Pubs. Amer. Astron. Soc., vol. 7,11 (1931). 

-, and Elizabeth E. Sternberg. The present state of solar activity. Read at 

Eugene meeting, A. S. P. (1930); (Abstract) Pubs. A. S. P., vol. 42. 251-252 (1930). 

-- Sun-spot activity during 1930. Pubs. A. S. P., vol. 43, 78-79 (1931). 

-,- Provisional solar and magnetic character-figures. April, 1930, to March, 

1931. Terr. Mag., vol. 35, 249-251 (1930); vol. 36, 55-56, 142-143 (1931). 

- , Adriaan van Maanen and Howard C. Willis. A preliminary determination of 

the mass of Neptune's satellites. Read at Pasadena meeting. A. S. P. (1931); Pubs. 
A. S. P., vol. 43. 261-262 (1931). 

- See Pettit, Edison. 
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Pease, Francis G. Ether drift data. Puba. A. S. P., vol. 42,197-202 (1930). 

- The 60-foot interferometer. Read at Eugene meeting, A. S. P. (1930); (Ab¬ 
stract) Pubs. A. S. P., vol. 42, 253 (1930). 

Pettit, Edison. A simple method of correcting the astigmatic focus of a concave grating. 
Pubs. A. S. P., vol. 43, 76-76 (1931). 

- The similarity of solar prominences photographed in the spectral lines Ha and 

K„ Pubs. A. S. P., vol. 43, 159-160 (1931). 

- Some evidence of the electrical nature of prominences. Read at Pasadena meet¬ 
ing, A, 8. P. (1931); Pubs. A. 8. P., vol. 43, 270-271 (1931). 

- Temperatures on the moon. A. 8. P. Leaflet, No. 35, 4 p. (1931). 

- Measurements of ultra-violet solar radiation during the past six years. Read at 

Chicago meeting, Amer. Astron. Soc. (1930); (Abstract) Pop. Astron., vol. 39, 19-20 
(1931). 

- Our neighbor the moon. N. Amer. Almanac, 38-42 (1931). 

- The stars and planets. N. Amer. Almanac, 46-51 (1931). 

-, and Seth B. Nicholson. Mount Wilson measures of liinar and planetary tem¬ 
peratures. Read at Pasadena meeting, Nat. Acad. Sci. (1930); (Abstract) Science, 
nj., vol. 72, 407 (1930). 

--- Time of a solar eclipse from a sound film. Read at Chicago meeting, 

Amer. Astron. Soc. (1030); (Abstract) Pop. Astron., vol. 39, 20 (1931). 

Richardson, Robert S. An investigation of molecular spectra in sun-spots. Astrophys. 
Jour., vol. 73, 216-249 (1931); Mt. Wilson Contr., No. 422. 

- Evidence for the existence of SiP, AlO, A1H, and ZrO in sun-spots. Pubs. A. S. P., 

vol. 43, 76-78 (1931). 

- Evidence for the existence of SiF, AlO, A1H, and ZrO in sun-spots. Read at 

New Haven meeting, Amer. Astron. Soc. (1930-1931); (Abstract) Pubs. Amer. Astron. 
Soc, vol. 7, 13 (1931). 

St. John, Charles E. The Einsteinian displacement of spectral lines. Read at Eugene 
meeting, A. S. P. (1930); (Abstract) Pubs. A. S. P, vol. 42, 254 (1930). 

Sanford, Roscoe F. Variations in radial velocity of the Cepheid variables W Geminorum, 
U Aquils, and DT Cygni. Astrophys. Jour, vol. 72, 40-58 (1930); Mt. Wilson 
Contr, No. 404. 

- The spectrum and radial velocity of AC Herculis. Astrophys. Jour, vol. 73, 

364-378 (1931); Mt. Wilson Contr, No. 424. 

- Orbital elements of the spectroscopic binaries H. D. 73619, 75767, 206546, and 

214686. Astrophys. Jour, vol. 74, 201-213 (1931); Mt. Wilson Contr, No. 433. 

- Note on the difference in radial velocity from emission and absorption lines for 

stars of spectral classes R and N. Pubs. A. S. P, vol. 42, 287-289 (1930). 

- Note on the long-period variation of the radial velocity of Boss 1074 (H. D. 

29094-95). Read at Pasadena meeting, A. S. P. (1931); Pubs. A. S. P, vol. 43, 
268-269 (1931). 

-, and Walter S. Adams. Relation of radial velocity to excitation potential in 

certain stellar spectra. Read at Eugene meeting, A. S. P. (1930); (Abstract) Pubs. 
A. S. P, vol. 42, 255-256 (1930). 

See Adams, Walter 8. 

Seares, Frederick H. Effect of space absorption on the calculated distribution of stars. 
Astrophys. Jour, vol. 74, 91—100 (1931); Mt. Wilson Contr, No. 428. 

- The Potsdam scale of visual magnitudes. Astrophys. Jour, vol. 74, 131-144 

(1931); Mt. Wilson Contr, No. 431. 

- Remarks on space absorption. Read at joint session of Section D, A. A. A. 8, 

and A. S. P, Pasadena (1931); (Abstract) Pubs. A. 8. P, vol. 43, 281-282 (1931). 

Remarks on behalf of the Mount Wilson Observatory at a luncheon in honor of 
Professor Einstein (1931); Science, njs, vol. 73, 379-380 (1931). 
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Brakes, Frederick H Counting the stars and aome concluaiona. Smithsonian Kept, for 
1929, 183-204 (1930); reprinted from Puba. A. 8. P., vol. 40, 303-331 (1928). 

- , Milton L. Hcmason and Mart C. Joyner. Stare of abnormal color in 8. A. 40. 

Puba. A. 8. P., vol. 43, 53-56 (1031). 

. . . , and Mary C. Joyner. Diatribution of color indicea in 8. A. 40. Puba. A. S. P., 

vol. 43, 57-60 (1931). 

-, B. W. Bitterly and Mary C. Joyner. Magnitudee of aouthern comparison star* 
for Eroa. Astrophys. Jour., vol. 72, 311-342 (1030); Mt. Wilaon Contr., No. 415. 

Sitterly, Bancroft W. See Joy, Alfred H.; Seabes, Frederick H. 

Smith, Sinclair. On the measurement of galvanometer or radiometer deflections which 
are ordinarily masked by Brownian movement. Bead at Los Angeles meeting, Amer. 
Phys. 8oc. (1930); (Abstract) Phys. Rev., vol. 37, 229 (1931). 

- Impact figures on polished rock salt surfaces. Nature, vol. 127, 855-856 (1931). 

Sternbero, Elizabeth E. See Nicholson, Seth B. 

StrOmbebo, Gcstaf. A method for determining the distribution of stellar absolute mag¬ 
nitudes from the distributions of parallactic motions and radial velocities. Astro* 
phys. Jour., vol. 72, 111-116 (1030); Mt. Wilson Contr., No. 410. 

- The distribution of absolute magnitudes among M stars brighter than the sixth 

apparent magnitude as determined from parallactic and peculiar velocities. Astro- 
phys. Jour., vol. 72, 117-126 (1930); Mt. Wilson Contr., No. 411. 

-The distribution of absolute magnitudes among K stars brighter than the sixth 

apparent magnitude as determined from parallactic and peculiar motions. Astrophys. 
Jour., vol. 73, 40-53 (1931); Mt. Wilson Contr., No. 418. 

- The distribution of absolute magnitudes among F and G stars brighter than the 

sixth magnitude as determined from parallactic and peculiar velocities. Astrophys. 
Jour., vol. 74, 110-121 (1931); Mt. Wilson Contr.. No. 430. 

- The motion of a particle inside a body of non-uniform density with applications 

to the motions in spherical and flat star systems. Read at Pasadena meeting, A. S. P. 
(1031); Pubs. A. S. P., vol. 43, 263-265 (1931). 

- A determination of the velocity of light from the group of extra-galactic nebulae 

in Ursa Major. Read at Pasadena meeting, A. S. P. (1931); Pubs. A. 8. P., vol. 43, 
266-267 (1931). 

-, and Nicholas U. Mayall. Observed position of Pluto in 1925. Astron. Nachr., 
vol. 243, 15 (1931). 

Summary of Mount Wilson magnetic observations of sun-spots, May (1930) to April 
(1931). Pubs. A. S. P., vol. 42, 240-242, 289-291, 347-350 (1930); vol. 43, 79-82, 
160-163, 221-222 (1931). 

VAN Maanen, Adriaan. Investigations on proper motion. Thirteenth paper: The proper 
motion of N. G. C. 2264. Mt. Wilson Contr., No. 405. 

- Investigations on proper motion. Fourteenth paper: The proper motions of six 

planetary nebulae. Mt. Wilson Contr., No. 406. 

- Investigations on proper motion. Fifteenth paper: The proper motion of the 

spiral nebula N. G. C. 4051. Mt. Wilson Contr., No. 407. 

- Investigations on proper motion. Sixteenth paper: The proper motion of Messier 

51. N. G. C. 5194. Mt. Wilson Contr., No. 408. 

- Proper motions of some very faint stars. Amsterdam Acad. Proc., vol. 33, 1015- 

1022 (1930). 

and Howard C. Willis. Investigations on proper motion. Seventeenth paper: 
Proper motions of some very faint stars. Mt. Wilson Contr.. No. 412., 

See Nicholson, Seth B. 

Wilus, Howard C. See van Maanen, Adriaan. 
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Woo LUCY, Richard van dm R. Multiplet intensities in the solar spectrum. Astrophys. 
Jour., vol. 72, 256-266 (1930); Mt. Wilson Contr., No. 413. 

- A study of the widths of the lines in the B band, due to atmospheric oxygen, in 

the solar spectrum. Astrophys. Jour., vol. 73, 185-193 (1931); Mt. Wilson Contr., 
No. 420. 

Note on the interpretation of spectrophotometric observations of weak Fraun¬ 
hofer lines. Astrophys. Jour., vol. 73,194-204 (1931); Mt. Wilson Contr., No. 421. 

Papers prom Nutrition Laboratory 

Benedict, Francis 0. A helmet for use in clinical studies of gaseous metabolism. New 
Eng. Jour. Med., vol. 203, 150-158 (1930). 

-A multiple-chamber respiration apparatus for rats and other small animals. 

Jour. Nutrition, vol. 3, 101-178 (1930). 

- E. Gley. Science, vol. 73, page 60 (1931). t 

-, and Edward L. Fox. Body temperature and heat regulation of large pythons. 

Science, vol. 73, page 538 (1931). 

-. and Josef M. PetSik. Metabolism studies on the wild rat. Amer. Jour. Physiol., 

vol. 94, 662-685 (1930). 

-, and Ernest 6. Ritzman. Ueber die den Energieumsatz bei Schafen beeinflussen- 

den Faktoren. Wissensch. Archiv fur Landwirtschaft, Abt. B., Tiererniihrung u. 
Tierzucht. vol. 5. 1-88 (1931). 

Carpenter, Thorne M. The fuel of muscular activity of man. Jour. Nutrition, vol. 4, 
281-304 (1931). 

-, and Edward L. Fox. An apparatus for continuous short period measurements of 

human respiratory exchauge during rest and muscular work. Arbeitsphysiologie, vol. 
4,527-531 (1931). 

-,- Effect of muscular work upon the respiratory exchange of man after the 

ingestion of glucose and of fiuctose. I: The respiratory quotient and the mechanics 
of breathing. Arbeitsphysiologie, vol. 4, 532-569 (1931). 

Effect of muscular work upon the respiratory exchange of man after the 
ingestion of glucose and of fructose. II: Heat production, efficiency, oxygen debt, 
excess respiratory quotient, and metabolism of carbohydrates. Arbeitsphysiologie, 
vol. 4, 570-599 (1931). 

—, and Robert C. Lee. Respiratory quotient, alveolar air, and dead space before and 
after the ingestion of glucose and fructose. Amer. Jour. Physiol., vol. 97, 509-510 
(1931). 

. and Anna E. Finnerty. Ein Apparat fiir die exakte und schnelle 
Analyse der Gase aus einer Respirationskammer. Wissensch. Archiv fiir Landwirt¬ 
schaft, Abt. B, Tiererniihrung u. Tierzucht, vol. 4, 1-26 (1930). 

Hicks, C. Stanton. R. Francis Matters and Mark L. Mitchell. Standard metab¬ 
olism of Australian aborigiDals. Australian Jour. Exper. Biol, and Med. Sci., vol. 8, 
69-82 (1931). 

Horst, Kathryn, Lafayette B. Mendel and Francis G. Benedict. Metabolism of 
the albino rat during prolonged fasting at two different environmental temperatures. 
Jour. Nutrition, vol. 3, 177-200 (1930). 

Mason, Eleanor D., and Francis G. Benedict. Basal metabolism of South Indian 
women. Indian Jour. Med. Research, vol. 19, 75-98 (1931). 

Riddle, Oscar, Guinevere Christman and Francis G. Benedict. Differential re¬ 
sponse of male and female ring doves to metabolism measurement at higher and lower 
temperatures. Amer. Jour. Physiol., vol. 95, 111-120 (1930). 
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Ritzman, Ernest 0., and Francis G. Benedict. Energy metabolism of sheep. Univ. 
New Hampshire, Agric. Ezper. Station, Tech. Bull. 43, 23 pages (June 1930). 

-,- Heat production of sheep under varying conditions. Univ. New Hamp¬ 
shire Agric. Exper. Station, Tech. Bull. 45, 32 pages (1931). 

Shattuck, Georoe C., and Francis G. Benedict. Further studies on the basal metabolism 
of Maya Indians in Yucatan. Amer. Jour. Physiol., vol. 96, 518-528 (1931). 

Papers from Division of Punt Biology 

Ashby, Eric. Notes on the morphology of the transpiratory organs of Larrea ( Covillea ) 
tridentata. Ecology. 

-— A comparison of two methods of measuring stomatal aperture. Plant Physiology. 

Belling, John. Chromomeres of liliaceous plants. Univ. Calif. Pub. Bot., vol. 16, 153- 
170 (1931). 

- Chiasmas in flowering plants. Univ. Calif. Pub. Bot., vol. 16, 311-338 (1931). 

Chaney, R. W. A Sequoia forest of tertiary age on St. Lawrence Island. Science, n.s., 
vol. 72, No. 1878, 653-654 (Dec. 1930). 

Clements, F. E., and C. L. Shear. The genera of fungi. H. W. Wilson Co., N. Y. (1931). 

Haasis, Ferdinand W. Review of Etwas fiber Forstpflanzensiichtung (The breeding of 
forest trees) by F. v. Lochow. Der Ziichter, vol. 1, 73-79 (1929); Jour. Forestry, 
vol. 28,374-376 (1930). 

- Review of Frost heaving, Jour. Geology, vol. 37, 428-461 (1929); The mechanics 

of frost heaving, Jour. Geol., vol. 38, 303-317 (1930); Freezing and thawing of soils 
as factors in the destruction of road pavements, Public Roads, vol. 11,113-132 (1930); 
all by Stephen Taber. Jour. For., vol. 29, 403-405 (1931). 

-, and Adrian C. Thbupp. Temperature relations of lodgepole-pine seed germina¬ 
tion. Ecology. 

See Hursh, C. R. 

Humphrey, Robert R. Ecological relations of the morphology and physiology of Coldenia 
canetcent. Ecology. 

- Notes on thorn formation in Fouquiera »plenden». Bull. Torr. Bot. Club. 

Hursh, C. R., and F. W. Haasis. Effects of 1925 summer drought on Southern Appa¬ 
lachian hardwoods. Ecology, vol. 12, 380-386 (1931). 

Meyer, Bernard S. Effects of mineral salts upon the transpiration and water require¬ 
ment of the cotton plants. Amer. Jour. Bot., vol. 18, 79-93 (1931). 

Milner, Harold W. See Smith, James H. C. 

Schratz, Eduard. Vergleichende Untersuchungen fiber den Wasserhaushalt von Pflanzen 
im Trockengebeite des sfidlichen Arizona. Jahrb. f. Wise. Bot., vol. 74, Heft 2, 153- 
290 (1931). 

Shear, C. L. See Clements, F. E. 

Shreve, Forrest. Die Fouquieraceen, Larrea tridenlata, Carnegiea gigantea. Die Pflanz- 
enareale, 3 Reihe, 3-8, Karte 4-6 (1931). 

Sykes, Godfrey. Rainfall investigations in Arizona and Sonora by means of long-period 
rain gauges. Geogr. Rev., vol. 21, 229-233 (1931). 

Smith, James H. C. Carotene. Ill: Hydrogenation and optical properties of carotene 
and its hydrogenated derivatives. Jour. Biol. Chem., vol. 90, 597-605 (1931). 

-, and Harold W. Milner. A new micro method for the ebullioscopic determination 

of molecular weights. Mikrochemie., vol. 9, 117-122 (1931). 

See Strain, Harold H. 

Sfoehr, H. A, and Harold H. Strain. The effect of weak alkalies on the t’rioses and on 
methylglyoxal. Jour. Biol. Chem., vol. 89, 503-525 (1930) 
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Strain, H. H. Metallic salts of ketones. Jour. Amer. Chem. Soc.. vol. 52, 3383-3384 (1030). 

-, and H. A. Sfoehb. The effect of amines on the conversion of trioses into methyl* 

1 glyoxal. Jour. Biol. Chem., vol. 89, 527-534 (1930). 

-, and Jakes H. C. Smith. A method for the determination of molecular weights 

in liquid ammonia. Jour. Amer. Chem. Soc., vol. 52, 5291-5293 (1930). 

- See Spoehr, H. A. 

Walter, Heinrich. Die Kyroscopische Bestimmung des Osmotischen Wertes bei Pflanzen. 

Handb. d. Biol. Arbeitsmeth, vol. 11. 353-371 (1931). 

W IE land, 6 . R. Conifer inflorescence. Science, nj., 72, 113-115 (Aug., 1930). 

- A flowering cycadeoid from the Isle of Wight. Science, n.s., vol. 73, 370-372 

(Apr. 1931). 


Papers from Department of Terrestrial Magnetism 

Bartels, J. Use of magnetic data for investigating radiation from the Sun. Pub. Nat. 
Res. Council, Trans. Amer. Geophys. Union, 12th annual meeting, 126-131 (June 1931). 

- Bemerkungen zur praktischen harmonischen Analyse. Beitr. Geophyaik, vol. 28, 

1-10 (1930). 

- Geophysikalischer Nachweis von Veranderungen der Sonnenstrahlung. Ergebnisse 

d. exakten Naturwissenschaften, vol. 9, 38*78, Berlin, J. Springer (1930). 

Polarlicht: Theorie und Beobachtung. Naturwissenschaften, vol. 19,190-191 (1931). 
Bauer, Louis A., and J. A. Fleming. Annual report of the Director of the Department 
of Terrestrial Magnetism, Carnegie Institution of Washington. Carnegie Inst. Year 
Book No. 28, 1929-1930, 249-322 (1930). 

-,- (Eds.) Terrestrial Magnetism and Atmospheric Electricity. An inter¬ 
national quarterly journal. Vol. 35, Nos. 3 and 4 (Sept, and Dec. 1930); vol. 36, Nos. 
1 and 2 (Mar. and June 1931). 

Breit, G. On the interpretation of Dirac’s alpha-matrices. Proc. Nat. Acad. Sci., vol. 17, 
70-73 (Jan. 1931). 

- The fine structure of He as a test of the spin-interactions of two electrons. Phys. 

Rev., vol. 36, 383-397 (Aug. 1, 1930). 

- Derivation of hyperfine structure formulas for the one-electron spectra. Phys. 

Rev., vol. 37, 51-52 (Jan. 1, 1931). 

- Mean-value theories in quantum mechanics. Phys. Rev., vol. 37, 90-91 (Jan. 1, 

1931). 

- Anomalies in hyperfine structures. Phys. Rev., vol. 37, 1182-1183 (May 1, 1931). 

-, and E. O. Salant. Note on frequency-shifts in dispersing-media. Phys. Rev., 

vol. 36, 871-877 (Sept. 1, 1930). 

-, and F. W. Doebmann. The magnetic moment of the Li, nucleus. Phys. Rev., vol. 

36, 1262-1264 (Oct. 1, 1930). 

The hyperfine structure of 8 and P terms of two-electron atoms with 
special reference to Li*. Phys. Rev., vol. 36, 1732-1751 (Dec. 15,1930). 

Clarke, K. B. Significance of air and sea temperatures obtained on Cruise VII of the 
Carnegie. Mon. Weath. Rev., vol. 59, 183-185 (May 1931). 

-American VR8I broadcasts of cosmic data. Terr. Mag., vol. 35, 184-185 (Sept. 

1930); 252-253 (Dec. 1930); vol. 36, 54 (Mar. 1931); 141 (June 1931). 

Dahl, O. See Hafstad, L. R.; Tuve, M. A. 

Davies, F. T. Notes on the green flash observed August 29, 1928, and October 16, 1929. 
Terr. Mag., vol. 36. 61-62 (Mar. 1931). 

Aurora Australis Observed on the Byrd Antarctic Expedition. (Abstract) Jour. 
Wash. Acad. Sci., vol. 21, 280-283 (June 19, 1931). 
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Department of Terrestrial Magnetism. Exhibit of the Department of Terrestrial Mag* 
netism of the Carnegie Institution of Washington. (A) High voltage—a means for 
investigating the atomic nucleus. (B) Exploration of the ocean depths. (C) The 
electrical state of the earth and the air. Carnegie Inst. Wash., Exhibition Program 
for 1930, 22-28 (Dec. 1930). 

Fisk, H. W. Reports of geomagnetic and electric work of organisations and individual 
investigators in the United 8tates, 1930-1931. Pub. Nat. Res. Council, Trans. Amer. 
Geophys. Union, 12th annual meeting, 109-111 (June 1931). 

- Isomagnetic charts of the arctic area. Pub. Nat. Res. Council, Trans. Amer. 

Geophys. Union, 12th annual meeting, 134-139 (June 1931). 

See Fuming, J. A. 

Fleming, J. A. Work of the Norwegians and Sir Hubert Wilkins. Rep. Comm. Sub* 
marine Configuration and Oceanic Circulation, Nat. Res. Council, 74 (1930). 

- - Work of the Carnegie. Rep. Comm. Submarine Configuration and Oceanic Cir* 

culation, Nat. Res. Council, 75-85 (1930). 

- Oceanographic work of the Byrd Antarctic Expedition. Rep. Comm. Submarine 

Configuration and Oceanic Circulation, Nat. Res. Council, 121-123 (1930). 

- Latest annual values of the magnetic elements at observatories. Terr. Mag., vol. 

35, 165-177 (Sept. 1930). 

- Preliminary report on terrestrial magnetism and electricity at the Stockholm 

Meeting. Terr. Mag., vol. 35, 209-212 (Dec. 1930). 

- Summary of year’s work, Department of Terrestrial Magnetism, Carnegie Insti* 

tution of Washington. Terr. Mag., vol. 35. 231-236 (Dec. 1930). 

- International Geodetic and Geophysical Union. Standards Year Book, 1931. 

Dept. Comm., Bur. 8tan. Misc. Pub. No. 119, 54-60 (1931). 

- The eighth award of the American Association prize. Sci. Mon., vol. 32, 187-189 

(Feb. 1931). 

- Proceedings of the Section of Terrestrial Magnetism and Electricity at the meet* 

ing held in Stockholm, August 15-23, 1930. (Abstract) Jour. Wash. Acad. Sci., vol. 
21, 90-92 (Mar. 4, 1931). 

A short report on the Stockholm Assembly and on proposed geophysical work in 
polar regions. Pub. Nat. Res. Council, Trans. Amer. Geophys. Union, 12th annual 
meeting, 10-12 (June 1931). 

-Field and laboratory investigations of the Carnegie Institution of Washington 

Pub. Nat. Res. Council, Trans. Amer. Geophys. Union, 12th annual meeting, 95-100 
(June 1931). 

- Progress-report on compilation of oceanographic results, Carnegie cruise 1928* 

1929. Pub. Nat. Res. Council, Trans. Amer. Geophys. Union, 12th annual meeting, 
160-167 (June 1931). 

- American Geophysical Union. Standards Year Book, 1931. Dept. Comm., Bur. 

Stan. Misc. Pub. No. 119, 60-63 (1931). 

- (Ed.) Transactions of the American Geophysical Union, twelfth annual meeting, 

April 30 and May 1, 1931. Pub. Nat. Res. Council, 229 pages (June 1931). 

- Twelfth annual meeting of the American Geophysical Union. Science, nj., vol. 

73, 705-707 (June 26, 1931). 

-, and H. W. Fisk. On the distribution of permanent repeat-stations. Zs. Geo* 

physik, vol. 7, 74-80 (1931). 

, and W. J. Peters. Resolutions passed by the Polar Year Commission of the 
International Meteorological Committee at Leningrad, August 1930. Terr. Mag., vol. 
35, 245-248 (Dec. 1930). Reprinted in Mon. Weath. Rev., vol. 59,17-18 (Jan. 1931). 

Forbush, S. E. See Ledig, P. G. • 

Gish, O. H, The natural electric currents in the Earth’s crust. Sci. Mon., vol. 32, 5-21 
(1931). 
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Gish, 0. H. Significance of geo-electric data from the polar regions. Pub. Nat. Res. 
Council, Trans. Amer. Geophys. Union, 12th annual meeting, 140-142 (June 1931). 

-, and W. J. Rooney. Results of earth-current observations at Huancayo Magnetic 

Observatory, 1927-1929. Terr. Mag., vol. 35, 213-224 (Dec. 1930). 

Gkeen, J. W. See Peters, W. J. 

Hafstad, L. R., and 0. Dahl. Design of vacuum prebaking-furnace. Rev. Sci. Instr., 
vol. 1, 517-522 (Sept. 1930). 

- See Tuve, M. A. 

Barbados, H. D. Some notes regarding auroral displays during the months of August 
and September, 1930. Terr. Mag., vol. 30, 58-01 (Mar. 1931). 

-The Stockholm Assembly of the International Union of Geodesy and Geophysics- 

Proceedings of the Section of Terrestrial Magnetism and Electricity. Pub. Nat. Res. 
Council, Trans. Amer. Geophys. Union, 12th annual meeting, 121-123 (June 1931). 

- List of recent publications. Terr. Mag., vol. 35, 180-192 (Sept. 1930); 204-208 

(Dec. 1930); vol. 30, 71-75 (Mar. 1931); 151-100 (June 1931). 

Huff, C. Automatic time-delay relay. Proc. Inst. Radio Eng., vol. 19, 1019-1020 (June 
1931). 

Johnston, H. F. Preliminary values of the annual changes of the magnetic elements in 
the Pacific Ocean as determined from the Carnegie results, 1909-1929, and the Galilee 
results, 1905-1908. Terr. Mag., vol. 35, 157-100 (Sept. 1930). 

-, and G. R. Wait. Atmospheric-electric survey in the vicinity of Washington, D. C. 

Terr. Mag., vol. 30, 33-40 (Mar. 1931). 

Kennelly, A. E. The Cooperation Committee program. Proc. Inst. Radio Eng., vol. 18, 
1430-1432 (Aug. 1930). 

Kenbiok, G. W., and G. W. Pickard. Recent developments in radio-transmission measure¬ 
ments. Pub. Nat. Res. Council. Trans. Amer. Geophys. Union, 12th annual meeting, 
101-107 (June 1931). 

- See de Mars, P. A. 

Kidson, E., and A. Thomson. The occurrence of thunder-storms in New Zealand. N. Z. 

Jour. Sci. Tech., Wellington, vol. 12, 193-200 (Feb. 1931). 

Rolab, J. J. List of publications of the Department of Terrestrial Magnetism of the 
Carnegie Institution of Washington, 1930. Carnegie Inst. Wash., 11 pages (Dec. 31. 
1930). 

Ledio, P. G. Principal magnetic storms recorded at the Huancayo Magnetic Observatory. 

April to May, 1930. Terr. Mag., vol. 35, 181 (Sept. 1930). 

- Principal magnetic storms, Huancayo Magnetic Observatory, October to Decem¬ 
ber, 1930. Terr. Mag., vol. 30, 04 (Mar. 1931). 

- Principal magnetic storms, Huancayo Magnetic Observatory, January to March. 

1931. Terr. Mag., vol. 30, 140 (June 1931). 

- ■, and S. E. Fobbhsh. Principal magnetic storms recorded at the Huancayo Mag¬ 
netic Observatory, June, to September, 1930. Terr. Mag., vol. 35, 258 (Dec. 1930). 

DE Maes, P. A., G. W. Kenrick, and G. W. Pickard. Low-frequency radio transmission. 

Proc. Inst. Radio Eng., vol. 18,1488-1501 (1930). 

Mobebo, E. G. The distribution of oxygen in the Pacific. Contrib. Marine Biol., Stan¬ 
ford Univ. Press, 09-78 (Sept. 1930). 

Pabkinson, W. C. Principal magnetic storms, Watheroo Magnetic Observatory, January 
to March, 1931. Terr. Mag., vol. 30, 140 (June 1931). 

- See Wood, F. W. 

Petebs, W. J. Magnetic observations on a moving ice-floe. Pub. Nat. Res. Council. 
Trans. Amer. Geophys. Union, 12th annual meeting, 132-134 (June 1931). 

-and J. W. Green. A photographic method of changing the ratio of ordinate-scale 

to abscissa-scale. Tern Mag., vol. 30, 99-104 (June 1931). 

- See Fleming, J. A. 
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Pickard, G. W. Note on the fifteen-month period in solar activity, terrestrial magnetism, 
and radio reception. Proc. Inst. Radio Eng., vol. 19, 353-355 (Mar. 1931). 

- Notes on correlation-investigations between Kennelly-Heaviside layer and lunar 

altitudes. Pub. Nat. Res. Council, Trans. Amer. Geophys. Union, 12th annual meet¬ 
ing, 125-126 (June 1931). 

See Kenbick, G. W.; de Mars, P. A. 

Roonet, W. J. Earth-resistivity survey at Huancayo, Peru, and relation of resistivity 
to earth-current potential records, (Abstract) Jour. WaBh. Acad. Sci., vol. 21, 42 
(Feb. 4, 1931). 

- See Gish, 0. H. 

Seaton, S. L. Amateur radio as an aid to terrestrial-magnetic research. Q 6 T, vol. 
15, 9-10 (May 1931). 

- A self-contained 200-watt transmitter. Q S T, vol. 15, 21-24 (June 1931). 

Sverdrup, H. U. Some aspects of oceanography. Sci. Mon., vol. 31, 19-34 (July 1930). 

- Some oceanographic results of the Carnegie’t work in the Pacific. The Peruvian 

current. Reprinted from Trans. Amer. Geophys. Union, 10th and Uth annual meet¬ 
ings, 257-264 (1930). Hydrogr. Rev., vol. 8, 240-244 (1931). 

- Algunos resultados oceanogr&ficos de la labor del Carnegie en el Pacifico. La 

corriente peruana. Rev. Consejo Oceanogr. Ibero-Amer., vol. 1,147-155 (Aug. 1930). 
- The origin of the deep-water of the Pacific Ocean as indicated by the oceano¬ 
graphic work of the Carnegie. Beitr. Geophysik, vol. 29, 1-21 (1931). 

The ifaud Expedition. (Abstract) Q. J. R. Met. Soe., vol. 57. 216-220 (1931). 
Thomson, A. Report of the Apia Observatory, Western Samoa, for 1927. Wellington, 
W. A. Skinner, Govt. Printer, 86 (1929). 

- Thunder and lightning in the South Pacific Ocean. Mon. Weath. Rev., vol. 58, 

327-329 (Aug. 1930). 

- Aerological observations made with a captive balloon from a moving ship. Mon. 

Weath. Rev., vol. 58, 494-495 (Dec. 1030). 

- Report on the Apia Observatory, Western Samoa, for 1928 and 1929. Welling¬ 
ton, W. A. Skinner, Govt. Printer, 176 (1931). 

- The three-year weather cycle over the South Pacific. N. Z. Jour. Sci. Tech., vol. 

12, 388 (June 1931). 

-, and C. J. Westland. Magnetic storms and disturbed days, Apia Observatory, 
Samoa, January, 1929, to March, 1930. Terr. Mag., vol. 35, 149-150 (Sept. 1930). 

See KmsoN, A. 

Torreson, O. W. The last cruise of the Carnegie. The Case Alumnus, vol. 10, 7-8, 19 
(Oct. 1930). 

- The last cruise of the “non-magnetic” vessel Carnegie. Quarterly of Phi Pi Phi, 

vol. 7, 219-228 (1931). 

Penetrating the atom with beta* and gamma-rays. Science and Invention, vol. 
18, 1090-1091, 1136 (Apr. 1931). 

Tove, M. A. Note on the production of extremely high voltages. Phys. Rev., vol. 36, 
1576-1578 (Nov. 15, 1930). 

- Artificial radium-rays from high-voltage tube. (Abstract) Jour. Wash. Acad. 

Sci., vol. 21, 167-188 (Apr. 19, 1931). 

-, L. R. Hafstad, and O. Dahl. High-voltage tubes. Phys. Rev., vol. 36,1261-1262 

(Oct. 1, 1930). 

Experiments with high-voltage tubes. Phys. Rev., vol. 37, 469 

(Feb. 15, 1931). 

See Whitman, W. G. 

Wait, G. R. Diurnal variation of the atmospheric potential-gradient at Penalosa, Kansas. 
Terr. Mag., vol. 35, 137-144 (Sept. 1930). 
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Wait, G. R. Diurnal variation of concentration of condensation-nuclei and of MhMb,, 
atmospheric-electric elements in Washington, D. C. Terr, Mag., vol. 36, llPifff 
(June 1931). 

See Johnston, H. F. 

Wallis, W. F. The geographical distribution of magnetic disturbance. Terr. Mag., vol. 

36, 16-22 (Mar. 1931). 

Westland, C. J. Magnetic storm, Apia Observatory, July 9 to 10, 1930. Terr. Mag., 
vol. 36, 268 (Dec. 1930). 

- The effect of the sunspot-cycle on the magnetic diurnal variation at Apia. Terr. 

Mag., vol. 36, 6-8 (Mar. 1931). 

See Thomson, A. 

Whitman, W. G., and M. A. Ttrvs. Biological effects of gamma-rays. Phys. Rev., vol. 

37, 330-331 (Feb. 1, 1931). 

Wood, F. W., and W. C. Parkinson. Principal magnetic storms, Watheroo Magnetic 
Observatory, January to August, 1930. Terr. Mag., vol. 36, 65 (Mar. 1931). 

i 

Reviews and Abstracts 

Clarke, K. B. Report on the scientific results of the Michael Sars deep-sea expedition, 
1910, vol. I, edited by J. Murray and J. Hjort. (Rev.) Mon. Weath. Rev., vol. 59, 
168-159 (April 1931). 

- Physics of the Earth—III, Meteorology, by National Research Council. (Rev.) 

Terr. Mag., vol. 36, 148 (June 1931). 

Duvall, C. R. Die Perioden und der Periodogramm der internationalen erdmagnetischen 
Charakterzahlen, by L. W. Poliak. (Rev.) Terr. Mag., vol. 36, 110 (June 1931). 
Harradon, H. D. Sur les propriites mngn&iques des roches, by G. Grenet. (Rev.) Terr. 
Mag., vol. 35, 183 (Sept. 1930). 

- Verwertung magnetischer Messungen zur Mutung fur Geologen und Berginge- 

nieure, by A. Nippoldt. (Rev.) Terr. Mag., vol. 36, 66 (Mar. 1931). 

- Geophysik-Physik des festen Erdkorpers und des Meeres, by G. Angenheister. 

(Rev.) Terr. Mag., vol. 36, 147 (June 1931). 

-Magnitnaia i gravimetrieheskaia s’emka oblasti moskovskoi anomalii tiazesti, by 

D. W. Pjaskousky, F. G. Newsky, M. P. Dobrochotowa, and W. A. Uspensky. (Rev.) 
Terr. Mag., vol. 36, 148 (June 1931). 

Johnston, H. F. Magnetic measurements in the Baltic Sea along the Latvian Coast, by 
L. Slaucitajs. (Rev.) Terr. Mag., vol. 36, 66-67 (*Mar. 1931). 

Soule, F. M. Report on the Nippon Siurobu magnetometer, by Japanese Hydrographic 
Department. (Rev.) Terr. Mag., vol. 35, 132 (Sept. 1930). 

Sverdrup, H. U. Dynamische Ozeanographie, by A. Defant. (Rev.) Terr. Mag, vol. 35, 
261-262 (Dec. 1930). 

- Dynamische Ozeanographie, by A. Defant. (Rev.) Geogr. Rev, vol. 21, 174-175 

(Jan. 1931). 

Torre SON, O. W. Preliminary account of observations on atmospheric electricity in coun¬ 
try air, by J. J. Nolan and J. P. Nolan. (Rev.) Terr. Mag, vol. 35, 182-183 (Sept. 

1930) . 

- Vertical electric currents below thunderstorms and showers, by T. W. Wormell. 

(Rev.) Terr. Mag, vol. 35, 259-260 (Dec. 1930). 

- On electric oscillations in the atmosphere, by H. Noto. (Rev.) Terr. Mag, vol. 

35, 260-261 (Dec. 1930). 

Magnetic phenomena, by S. R. Williams. (Rev.) Terr. Mag, vol. 38, 68 (Mar. 

1931) . 
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Papers from Division of Administration 
John C. Merriam, President, Carnegie Institution of Washington 

Mebriam, John C. The past as living. Sci. Mon., vol, 31, 340-343 (Oct. 1930). 

- Critical elements in study of early man in southwestern United States. Abstr. 

Science, vol. 72, nj, No. 1868, 406 (Oct. 17, 1930). 

- Opportunities of the Federal Government in research. Abstr. Bull. Amer. Assn. 

Univ. Profs., vol. 18, No. 7 (Nov. 1930). 

- Unity of nature as illustrated by the Grand Canyon. Univ. Ariz. Inaug. Bull. 

(June 1931); Sci. Mon., Sept. 1931. 227-234. 

- Place of research in the progress of the next generation. Univ. Iowa Studies, 

No. 194 (Nov. 1930). 

Papers by Research Associates and Collaborators 

E. B. Babcock, Research Associate 

Aveky, P. Cytological studies of five interspecific hybrids of Crepit leontodontoidei. 

Univ. Calif. Publ. Agr. Sci., 6, No. 6, 135-167 (Dec. 10, 1930). 

Hollinqshead, L. A cytological study of haploid Crepit eapillarit plants. Univ. Calif. 

Publ. Agr. Sci, 6, No. 4, 107-134 (Nov. 25, 1930). 

Poole, C. F. The interspecific hybrid, Crepit rubra x C. fastida, and some of its deriva¬ 
tives. Univ. Calif. Publ. Agr. Sci, 6, No. 6, 169-200 (March 17, 1931). 

Navashin, M. Spontaneous chromosome alterations in Crepit tectorum. Univ. Calif. 
Publ. Agr. Sci, 6, No. 7, 201-206 (Apr. 14,1931). 

- Chromatin mass and cell volume in related species. Univ. Calif. Publ. Agr. Sci, 

6, No. 8, 207-230 (Apr. 14, 1931). 

I. W. Bailey, Research Associate 

Bailey, I. W, and Conway Zibkle. The cambium and its derivative tissues. 6: The 
effects of hydrogen ion concentration in vital staining. Jour. Gen. Physiol, vol. 14, 
363-383 (1931). 

Zibkle, Conway. Nucleoli of the root tip and cambium of Pinut itrobut. Cytologia, 
vol. 2, 85-105 (1931). 

A. M. Banta, Research Associate 

Allen, Ezra, and A. M. Banta. Growth and maturation in the parthenogenetic and 
sexual eggs of Moina macrocopa. Jour. Morph, and Physiol, vol. 48, No. 1, 123-151 
(Sept. 1929). 

Banta, A. M. The elimination of the male sex in the evolution of some lower animals. 
Sci. Mon, vol. 30, 59-85 (Jan. 1930). 

-, and L. A. Brown. Control of sex in Cladocera. VI: By treatment with drugs. 

Physiol. Zool, vol. 3, No. 1, 48-55 (Jan. 1930). 

See Allen, Ezra; Obrebhkove, V.; Stuart, C. A. 

Obreshkove, V, and A. M. Banta. A study of the rate of oxygen consumption of differ¬ 
ent Cladocera clones derived originally from a single mother. Physiol. Zool, vol. 3, 
No. 1, 1-3 (Jan. 1930). 

Stuart, C. A, and A. M. Banta. Quantity of food as a factor in sex control in Clado¬ 
cera. Anat. Rec, vol. 44, No. 3, 210-211 (Dec. 1929). 

S. J. Barnett, Research Associate • 

Barnett, S. J. Evidences on the nature of the elementary magnet. From the Researches 
on gyromagnetic phenomena Lecture at Univ. Calif, at Los Angeles. 43 pages, 15 
figs. (Apr. 20, 1928). 
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W. E. Castle, Research Associate 

Castle, W. E. Genetics and Eugenics, a textbook for students of biology and a reference 
book for animal and plant breeders. Fourth Rev. Ed., 474 pp., 170 figs., Harvard 
University Press (1030). 

-The genetics of domestic rabbits, a manual for students of genetics and an aid to 

rabbit breeders and fur farmers. 31 pp., 36 figs., Harvard University Press (1930). 

- The significance of sexuality. Amer. Nat., vol. 64, pp. 481-494, Nov.-Dee., 1930. 

- The quantitative theory of sex and the genetic character of haploid males. 

Proc. Nat. Acad. Sci., vol. 16, No. 12, pp. 783-791 (Dec. 1930). 

-, and P. W. Gbegoby. The effects of breed on growth of the embryo in fowls and 
rabbits. Science, n.s, vol. 73, No. 1903, pp. 680-681, June 19, 1931. 

See Gbeoobt, P. W. 

Gbegoby, PlNCCS. The transplantation of mouse ovaries into the rat. Anat. Rec., vol. 49, 
No. 1, pp. 97-101 (Mar. 1931). 

-, and W. E. Castle. Further studies on the embryological basis of size inheritance 

in the rabbit. Jour. Exper. Zool., vol. 69, No. 2, pp. 199-211 (Apr. 1931). 

Keeleb, C. E. The laboratory mouse. 81 pp., 36 figs., Harvard University Press (1931). 

- The independence of dominant spotting and recessive spotting (“piebald”) in the 

house mouse. Proc. Nat. Acad. Sci., vol. 17, No. 2, pp. 101-102 (Feb. 1931). 

Snell, Geoboe D. Inheritance in the house mouse; the linkage relations of short-ear, 
hairless, and naked. Genetics, vol. 16, pp. 42-74 (Jan. 1931). 

Karl T. Compton, Research Associate 

Blaib, H. A. Spark Bpectra of silver and palladium (Ag II and Pd II)—An extension. 
Phys. Rev, vol. 36, 173 (1930). 

- Correction and extension of the series of the silver arc spectrum, Ag I. Phys. 

Rev, vol. 36, 1531 (1930). 

Boyce, J. C, and Janet MacInnes. List of extreme ultra-violet wavelengths. 2d Ed. 

Findlay, J. H. Spark spectrum of cobalt (Co II). Phys. Rev, vol. 36, 6 (1930). 

SHEN8T0NE, A. G. Arc spectrum of palladium. Phys. Rev, vol. 36, 869 (1930). 

SMYTH, H. D. Products and processes of ionization by low speed electrons. Rev. Modern 
Physics, vol. 3, 347 (1931). 

-, and E. G. F. Abnott. Canal ray and electron excitation of the band spectrum of 

nitrogen. Phys. Rev, vol. 36, 1023 (1930). 

Remington Kellogg, Research Associate 

Kellogg, Remington [In conjunction with others]. Preliminary draft convention for 
the regulation of whaling. League of Nations Economic Committee. Report to the 
Council on the work of the thirty-second session. Official No.: CA53.M.146 (1930); 
II. 8-11 (June 14, 1930). 

- Pelagic mammals from the Temblor formation of the Kern River Region, Cali¬ 
fornia. Proc. Calif. Acad. Sci, San Francisco (4), vol. 19, No. 12, 217-397, figs. 134 
(Jan. 30, 1931). 

- Whaling statistics for the Pacific Coast of North America. Jour. Mammalogy, 

Baltimore, vol. 12, No. 1, 73-77 (Feb. 10, 1931). 

- Ancient relatives of living whales. Explorations and field-work of the Smith¬ 
sonian Institution in 1930. Publ. 3111, 83-90, figs. 76-80 (Mar. 26, 1931). 

- [In conjunction with others]. Whales. Hearing before a special committee on 

wild life resources, United States Senate. 72d Congress, 1st Session. Conservation 
of whales and other marine mammals, 6-9 (Mar. 20, 1931). 

-The last phase in thq history of whaling. Appendix to, Whales. Hearing before 

special committee on wild life resources, United States Senate. 72d Congress, 1st 
session. Conservation of whales and other marine mammals, 20-29 (Mar. 20, 1931). 
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L. B. Mendel and H. B. Vickery, Research Associates 

Buck, Riohasd J., and Hubert Bradford Vickeby. Basic amino acids of proteins: A 
chemical relationship between various keratins. Jour. Biol. Chem., in press. 

Horst, Kathryn, Lafayette B. Mendel and Francis G. Benedict. Metabolism of the 
albino rat during prolonged fasting at two different environmental temperatures. 
Jour. Nutri., vol. 8, 177-200 (1930). 

Viokekt, Hubert Bradford. Some aspects of the chemistry of green leaf cells. Sci. 
Mon., vol. 31, 408-421 (1930). 

- Report on forms of nitrogen in plants. Jour. Assn. Official Agr. Chem., vol. 

228-232 (1931). 

- Biographical memoir of Thomas Burr Osborne, 1859-1929. Nat. Acad. Sci. Bio¬ 
graphical Memoirs. 

-, and Richard J. Block. Basic amino acids of silk fibroin: The determination of 

the basic amino acids yielded by proteins. Jour. Biol. Chem. 

-, and George W. Pucher. A source of error in the determination of amide nitro¬ 
gen in plant extracts. Jour. Biol. Chem., vol. 90, 179-188 (1931). 

-,-. Non-volatile organic acids of green tobacco leaves. Jour. Biol. Chem., 

vol. 90, 637-653 (1931). 

Chemical investigations of the* tobacco plant. I: A preliminary study 
of the non-volatile organic acids of tobacco leaves. Conn. Agric. Exper. Sta. Bull. 323, 
151-202 (1931). 

Chemical investigations of the tobacco plant. II: The chemical changes 
that occur during the curing of Connecticut shade-grown tobacco. Conn. Agric. Exper 
Sta. Bull. 324, 203-240 (1931). 

—,-, Chemical changes that occur during the curing of tobacco leaves. Science, 

vol. 73, 397-399 (1931). 

—, and Carl L. A. Schmidt. History of the discovery of the amino acids. Chem. Revs. 

Aubrey T. Mussen, Research Associate 

Mussen, Aubret T. The cerebellum: Comparison of symptoms resulting from lesions of 
individual lobes with reactions of the same lobes to stimulation, a preliminary re¬ 
port. Arch. Neurology and Psychiatry, vol. 25, 702-719 (Apr. 1931). 

- The cerebellum: The influence of the cortical reactions on the classification and 

the homology of the lobes and fissures in the cat, monkey and man. Arch. Neurology 
and Psychiatry, vol. 24, 913-920 (Nov. 1930). 

G. Oscar Russell, Research Associate 

Russell, G. Oscar. The mechanism of speech. Jour. Accous. Soc. Amer., 28 pages (1929). 

- 8ome experiments in motion photography of the vocal cords. J. 8. M. P. E, 9 

pages (1930). 

- Speech and voice. MacMillan Co., New York, 250 pages (1931). 

- Color movies of vocal cord action—an aid in diagnosis. The Laryngoscope, 4 

pages (Aug. 1930). 

Normal interior laryngeal functions. Annals of Otology, Rhinology and Laryng¬ 
ology, 12 pages (Mar. 1931). 

Down-pulling of the thyroid on the cricoid may lower voice pitch. Archives 
Neerlandaises de Phonetique Experimentale, tome VI, 4 pages (1931). 

Wenrick, John E. Stimulation of muscles in the larynx tilting the thyroid downward 
on the cricoid lowers pitch. Extrait des Archives Neerlandaises de Phonetique Ex¬ 
perimentale, tome 4, 1-9 (1931). 

Francis B. Sumner, Research Associate 

8umneb, Francis B. Genetic and distributional studies of three subspecies of Ptroymyt - 
cut. Jour. Genetics, vol. 23, No. 2, 276-376, 27 figs., 4 plates (Nov. 1930). 
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REPORT OF THE EXECUTIVE COMMITTEE 


To the Trustees of the Carnegie Institution of Washington: 

Gentlemen: Article V, Section 3, of the By-Laws provides that the 
Executive Committee shall submit, at the annual meeting of the Board of 
Trustees, a report for publication; and Article VI, Section 3, provides that 
the Executive Committee shall also submit, at the same time, a full state¬ 
ment of the finances and work of the Institution and a detailed estimate of 
the expenditures for the succeeding year. In accordance with these provi¬ 
sions, the Executive Committee herewith respectfully submits its report for 
the fiscal year ending October 31,1931. 

During this year the Executive Committee held seven meetings, printed 
reports of which have been mailed to each Trustee. 

Upon adjournment of the meeting of the Board of Trustees of December 
12, 1930, the members of the Executive Committee met and organized by 
the election of Mr. Root as Chairman for 1931. 

A full statement of the finances and work of the Institution is contained 
in the report of the President, which has been considered and approved by 
the Executive Committee, and is submitted herewith. A detailed estimate 
of expenditures for the succeeding year is also contained in the report of 
the President, and has been considered by the Executive Committee, which 
has approved the recommendations of the President in respect thereto and 
has provisionally approved the budget estimates based thereon and sub¬ 
mitted herewith. 

The Board of Trustees, at its meeting of December 12, 1930, appointed 
F. W. Lafrentz & Company to audit the accounts of the Institution for the 
fiscal year ending October 31,1931. The report of the Auditor, including 
a balance-sheet showing assets and liabilities of the Institution -on October 
31,1931, is submitted as a part of the report of the Executive Committee. 

There is also submitted a statement of receipts and disbursements since 
the organization of the Institution on January 28,1902. 

Two vacancies exist in the membership of the Board of Trustees, caused 
by the death of James Parmelee on April 19,1931, and by resignation of 
Julius Rosenwald which was accepted with regret by the Executive Com¬ 
mittee, on behalf of the Board, at its meeting of November 6,1931. Nomi¬ 
nations for new Trustees have been requested in accordance with provisions 
of the By-Laws and such nominations will be submitted to the Board at its 
ftimiml meeting on December 11,1931. 
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No vacancies exist among the officers of the Board, but the chairmanship 
of the Auditing Committee is vacant by reason of Mr. Parmelee’s death. 

Elihtj Root, Chairman 
Frederic A. Delano 
Cass Gilbert 
John C. Mebriam 
Wm. Church Osborn 
Wm. Barclay Parsons 
Stewart Paton 
Henry S. Pritchett 

November 6,1981. , 





Aggregate Receipts and Disbursements From Organization , January 28 , 1902 , to Date 
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(*) Including Administration Building, $309,915.69, and Collection 


























REPORT OF AUDITORS 


Washington, D. C., November 19,1981 


To the Boabd or Trustees, 

Carnegie Institution of Washington, 

Washington, D. C. 

Dear Sms: 

We have audited the books and accounts of the Carnegie Institution of 
Washington for the fiscal year ended October 31,1931. The bookB of the 
various departments are audited by the Bursar and Assistant Bursar. We 
have included their figures in the balance sheet without examination by us. 

The income from investments and other sources has been accounted for 
and disbursements were supported by vouchers. 

We counted the cash on hand, and the cash in banks was confirmed by 
certificates from the depositaries. 

The securities representing the investments in the safe deposit box of the 
Finance Committee were examined by us. The other securities were con¬ 
firmed to us by correspondence with the Guaranty Trust Company, where, 
they are held in safekeeping. 

We certify that the balance sheet, the schedules of securities and real 
estate and equipment, and the statement of receipts and disbursements as 
shown in the regular printed financial statement of the institution at the 
close of business October 31,1931, are in accordance with the books, and 
in our opinion the balance sheet fairly states the financial condition of the 
Institution at that date. 

Respectfully submitted, 

F. W. Lafrentz & Co., 
Certified Public Accountants. 


Copies of the Financial Statement, certified 
by the auditor in the above report, on pages 
58 to 63. 
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CARNEGIE INSTITUTION OF WASHINGTON 


Sehedvl* of Steuriiiet 


Afgwte- 
Far or 

Nominal Value 

Description 

Ma¬ 

turity 

Int. 

Due 

Total Goat or 
Value at Data 
Acquired 


Railway* 




$500,000 

A. T. A 8. Fe. 1st A ref. 4 . 

1962 

M-S 

$498,750. 

43,000 

• * « conr.4e. 

1955 

J-D 

89,022.50 

50,000 

A. T. and S. Fe. sen. 4s. 

1995 

A-O 

50,056.25 

150,000 

B. and O. R. R. gen. and ref. 5s ($100,000 fully registered). 

1995 

J-D 

158,625. 

200,000 

Boston 4c Maine 1st 5s. 

1967 

M-S 

195,812.50 

100,000 

Canadian National Ry. Co. 5s. 

1969 

J-J 

98,500. 

100,000 

• * - * 4Ks. 

1956 

F-A 

98,000. 

160,000 

Canadian Pac. Col. Trust 5s. 

1954 

J-D 

159,710.07 

50,000 

Canada Bo. eon. 5s. 

1962 

A-O 

49,021.50 

175,000 

Ches. A Ohio gen. 4H» . . . 

1992 

M-S 

174,062.50 

75.000 

Ches. and Ohio Ry. ref and imp. 4H»* Series A. 

1993 

A-O 

72.625. 

100.000 


1995 

J-J 

98,250. 

100,000 

Ches. A O. R. R., Eq. Tr., Series 1029. 

.j 

M-N 


60,000 

Cent. Pae. Ry. 1st ref. 4s. 

1949 

F-A 

48.250. 

180,000 

Chicago B. A Q. R. R. gen. 4s. 

E:2j 

M-S 

169,501.25 

200,000 

Chicago B. and Q. 111. Div. 4s. 



200,000. 

35,000 

Chicago M. St P. A P. 5s. 

1:31 

F-A 

31,858.50 

180,000 

Chicago, Ind. A L. 1st A gen. 5s . 

1966 

M-N 

189,461 25 

140,000 

Chicago M. St. P. A P. conv. adj. 5s . ... 

2000 

A-O 

127,414.50 

234.000 

Chicago M. A St. P. Ry. gen. 4J^a ($5,000 fully registered) 

E IM 

J-J 

227,162.50 

120.000 

Chicago and N. W. Ry. gen. 3}4s. 

E. & 


100,300. 

200,000 

Chicago A N. W. R. R. gen. 4f4® . 

E. 4 


210,000. 

300,000 

Chicago, R. I A P. Ry. 4>£s. 

1:3 

M-S 

282,862.50 

100,000 

Chicago U. Station 6)4*. 

1963 

J-J 

114,266 50 

100.000 

Clev. C. C A St L. Ry., ref. and imp 4^s. 

1977 

J-J 

99,272.50 

50,000 

Clev. U Term 1st sink. 5Hb . 

1972 

A-O 

61,612.50 

875.000 

Elgin J. A E. Ry. Eq. 5s. . 


J-J 

JWK <WI 

240,000 

• * « 6s. 


A-O 

240,000. 

300.000 

Erie R. R. gen. 4s. . 

1996 

J-J 

242,937.50 

60,000 

Gt. Nor. 1st ref. 4J^s. . 

1961 

J-J 

69.053.25 

125,000 

Gt. Nor. Ry. gen. 4J4* . . 

1977 

J-J 

122,656 25 

165,000 

- • * • 5s. 

1973 

J-J 

174,712 50 

300.000 

Ill. Cent. R R., Joint 5s. . 

1963 

J-D 

811.291.50 

121,000 

Ill. Cent R. R ref. 4s. 

1955 

M-N 

108,677 50 

220,000 

Ill Cent. Eq., Trust, 4H».. 


A-O 

211,687.79 

200,000 

Kan. City Term. 1st 4s. 

1960 

J-J 

179,728 76 

200,000 

Kan City, F 8. A M. Ry ref. 4s 

1936 

A-O 

187,250. 

325,000 

Lehigh and L. E 4>£s. 

1957 

M-S 

331,568.30 

100,000 

Lehigh V. H. Term. Ry. 1st 5s. 

1954 

F-A 

104,750. 

50,000 

Long Island ref. 4s. ... 

1949 

M-S 

48,285. 

250,000 

Louisville A N R. R. 1st A ref 4)£s. 

2003 

A-O 

1 249,125. 

200,000 

Mo. Kan. A T. 1st 4s. . . . 

1990 

J-D 

165,206.26 

213,000 

Mo. Pac. R. R. Co. 1st and ref. 5s. 

1977 

M-S 

212,762.50 

200,000 

Mo. Pac. R. R., Eq. Trust 4^s. 


M-N 

tOO OAfl 7Q 

150,000 

Mobile and O. R. R., ref. and imp. 4>£s. 

1977 

M-S 

ltf* $ wliu v 

145,750. 

55,000 

Morris A Essex R. R. Co., Construction Mtg. 4>$s. 

1956 

M-N 

52,937.50 

175,000 

N. Y. Cent. R. R. ref. A imp. 5s. 

2013 

A-O 

186,906.26 

50,000 

N. Y. W. and Boston 1st 4^s . 

1946 

J-J 

49,187.50 

70,000 

Norfolk A W. Joint 4s. 

1941 

J-D 

64,926. 

100,000 

Nor. Pac. ref. and imp. 6s. 

2047 

J-J 

102,187.50 

50,000 

* * gen. lien 3s. 

2047 

FMAN 

33,101.25 

51,000 

Ore. Short Line con. 5s. 

1946 

J-J 

49,883.25 

310,000 

Ore. Wash R. A N 1st ref. 4s ($50,000 fully registered) 

1961 

J-J 

274.272.60 

80.000 

Pa. R. R. Co. gen, 4 H®. 

1965 

J-D 


125,000 

• « con. 4H>. 

1960 

F-A 

180,708.13 

100,000 

Pitta. C. C. A St. L. 5a. 

1976 

A-O 

99,687.50 

42,000 

Pitta. Shawmut A Nor. 4s. 

1952 


a onn 

100,000 

So. Pac. lat ref. 4a. 

1955 

J-J 

92! 148 >5 

100,000 

So. Pao. 8. F. Ter. 4a. 

1950 

A-O 

100,000. 

200,000 

So. Pao. con. 4H®. 

1969 

M-N 

180,000. 

350,000 

So. Rwy. Go. lat oon. 5a. 

1994 

J—J 

862,581.25 

45,000 

St. Paul Union D. lat A ref. 5s. 

1972 

J-J 

48,150. 

225,000 

St. Louia-8. F., prior lien 4a. 

1950 

J-J 

208,481.25 

230,000 

Term. R. R. Aasn. 4a. 

1958 

J-J 

208,984.25 

210,000 

Texas A Pao. R. R. t gen. and ref. 5e. 

1977 

A-O 

218,888.50 

2,084,000 

Union R. R. deb. 6e. 

1946 

J-D 

2,084,000. 

140,000 

Union Pac. lat lien and ref. 4a. 


M-S 

128,723.50 

150,000 

Union Pao. R, R, 4a. 

1968 

J-D 

183,081.25 

200,000 

Va. Ry. Co. lat 5a. 

1962 

M-N 

206,585.50 

200,000 

Wabash Ry., ref. and gen. 5e. 

1976 

F-A 

208,250. 

200,000 

Weetern Md. R. R. lat 4a. 

1952 

A-O 

162,100. 

62,000 

Waah. Term. Co. let 8 H* (835,000 fully regirtered). 

1945 


58,728.75 

18,208,000 

Railway Sub-Total... 

BBI 

Wm 

12,817,704.10 
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Schedule ef SecuriUet —Continued 


Attpregate— 
Par or 

Nominal Value 

Description 

Ma¬ 

turity 

Int. 

Dus 

Total Cost or 
Value at Date 
Acquired 

$200,000 

PMie Utility 

Ala. Power Co. let ref. 5e. 

1961 

J-D 

$197,250. 

100.000 

Ala. Power Go. 1st A ref. 5s. 

1908 

M-S 

99,656.25 

125.000 

Am. Tel. & Tel. Co. link. deb. SK*. 

1943 

M-N 

180,260.62 

800.000 

Am. Tel. A Tel. Co. deb. 5s. 

1960 

J-J 

808,000. 

230.000 

m m m m m m 

1965 

F-A 

281,612.50 


Appalachian Electric A Power Co. 1st ref. 5s. 

I960 

M-N 

296,125. 

800.000 

Ark. P. A L. Co. 5s. 

1956 

A-O 

292,812.50 

250.000 

Bell Tel. Co. of Canada 1st 5s. 

1955 

M-S 

257,656.25 

100.000 

mum m mm 

1957 

J-D 

101,125. 

800.000 

Birmingham E. Co., 1st ref. 4Mb . 

1968 

M-S 

288,056.25 

800.000 

Carolina Power A L. Co. ref. 5s. 

I960 

A-O 

302,298.75 

210.000 

Cedar R. Mfg. A P. Co. 1st sink. 5e. 

1953 

J-J 

209,107.04 

800.000 

Cincinnati Qas. A E. 1st 4s. 

1968 

A-O 

268,105.75 

800.000 

Columbia Gas and Elec. Cerp., deb. 5s. 

1961 

J-J 

301,562.50 


Columbia Gas A E. Corp., deb. 5e. i 

1901 

J-J 

78,200. 

800.000 

Columbus Rwy., P. A L. 4Ms. 

1967 

J-J 

285,882 fiO 

40.000 

Comm. Edison 1st coll. 5s. 

1954 

J-D 

42,000. 

115,000 

* ... 4^,. 

1956 

A-O 

114.193.75 

60.000 

Consolidated Gas Co. of N. Y. deb. 4Mb . 

1951 

J-D 

60,900. 

65,000 

Consumers Power Co. 1st 5e. 

1952 

J-D 

% 67,450. 

50.000 

Consumers P. Co. 1st ref. 5e. 

1986 

J-J 

47,691. 

100.000 

Detroit Edison gen. ref. 6s... 

1955 

J-D 

99.942.fi0 

150,000 

Detroit Edison gen. ref. 5e. 

1962 

F-A 

155,825. 

825,000 

Ga. Power Co. let ref. 5s. 

1967 

M-B 

820,112.fiO 

800,000 

Gatineau Power, 1st 5s. 

1956 

J-D 

298,750. 

100,000 

Gulf States Util. Co. 1st 5e. 

I960 

M-S 

94.637.80 

100,000 

• * * • - 4Hs. 

1961 

J-D 

94,260. 

100,000 

Houston Ltg. A Power Co. 1st lien A ref. 4Mb . 

1981 

D-J 

98,875. 

100,000 

Idaho P. Co. 6s. 

1947 

J-J 

100,760. 

200,000 

Illinois P. A L., 1st A ref 5s. 

1956 

J-D 

196,780. 

200,000 

Indianapolis P. A L. 1st 5s. 

1957 

J-J 

198,806.26 

200,000 

Ind. A Mieh. Eleo. Corp., 1st ref. 5s. 

1955 

M-S 

202,182.50 

800.000 

Inter. Tel. A Tel. deb. 4Mb . 

1952 

J-J 

288,250. 

280,000 

Int. Rap. Trans, ref. 5s. 

1966 

J-J 

276,701. . 

45,000 

Louisville G. A L. 1st A ref. 6s... 

1952 

M-N 

46,456.25 

800,000 

Memphis P. A L. 1st A ref 4Mb . 

1978 

A-O 

279,250. 

800.000 

Milwaukee E. R. A L. ref. A 1st 5s. 

1961 

J-D 

802,887.50 

100,000 

Minn. P. A L. 1st A ref. 4Mb . 

1978 

M-N 

92,156.26 

109,600 

Nsrraganaett E. Co. 1st 5s. 

1957 

J-J 

109,288.47 

52,000 

N. Eng. Tel. A Tel. 5s. 

1952 

J-D 

51,748. 

100,000 

New Orleans Pub. 8. 5s. 

1955 

J-D 

99,200. 

80,000 

N. Y. Edison 1st ref. 6Mb . 

1941 

A-O 

55,573.75 

42,000 

N. Y. Gas. E. L. H. P. pur. mon. 4s. 

1949 

F-A 

84,620.50 

800,000 

New York P. A L., 1st 4Mb . 

1967 

A-O 

286,125. 

60.000 

Niagara Falls P. 1st A eon. 5s. 

1959 

J-J 

61,800. 

800,000 

Northern Ind. Pub. 8., 1st ref. 5s. 

1966 

M-N 

805,775. 

100,000 

Northern States P. 1st ref. 5s. 

1941 

A-O 

99,709.60 

200,000 

No. States Power Co., Inter. Ctf. 4Mb . 

1961 

A-O 

195,000. 

800,000 

Ohio Power Co., 1st and ref. 4Mb . 

1956 

J-D 

280,181.25 

200,000 

OkU. Q. * Ei. 1st 6,. 

1950 

M-S 

200,000. 

200.000 

Pee. G. A E. Co. gen. A ref. 5s ($100,000 registered) . . . 

1942 

J-J 

197,185.58 

26,000 

Pee. Tel. A Tel. 5s. 

1952 

M-N 

26,187.60 

800,000 

Penn. Power A L. Co. 1st mtg. 4Mb . 

1981 

A-O 

289,562.50 

65,000 

Penn W. A P. 1st ref. 4Mb . 


M-B 

68,212.50 

425.000 

Phil*. E. Co letkref. 4H.. 

1967 

M-N 

427,106.25 

185.000 

Pub. Serv. of No. XU. 1st ref. 5s. 

I960 

A-O 

188,912.50 

150,000 

• - E. A G. 1st A ref. 4*.. 

1967 

J-D 

150,875. 

100,000 

1976 

F-A 

95,250. 

100,000 

Puget Sound Power A Ltg. 1st A ref. 4Mb . 

I960 

J-D 

94,250. 

100,000 

Safe Harbor Water P. Corp. 1st 4 Mb . 

1979 

J-D 

97,256.25 

201,968.76 

200,000 

San Joaquin L. A P. Corp., ref. 6e. 

1967 

J-J 

800,000 

Shawinigan W. A P. 1st A eoll. 4Mb .. 

1907 

A-O 

286,212.50 

50,000 

So. B«u Tel. * T«l. let rink. Be . 

1941 

J-J 

47,687.50 

800,000 

So. Calif. Edison Co., ref. 5e. 

1952 

M-S 

807,457.50 

50,000 

Be. Calif. Tel. Co. Ut ref. rink. 8e. 

1947 

M-N 

46,000. 

200,000 

Bn. Fob. Util. Co. fie. 

1948 

J-J 

200,000. 

125,000 

Teem. E. A P. 1st and ref. 5e. 

1956 

J-D 

127,087.50 

800,000 

Tens# Eleotrio Servioe 5s. 

1960 

J—J 

292,700. 

228,000 

Union Else. light A Power Co. 5s. 

1967 

F-A 

225,455. 

220,000 

Utah U. * T. Co., ref. fie. 

1944 

A-O 

215,198. 

800,000 

V*. Ee A P. Co. 1st and ref. 5s. 

1955 

A-O 

801,606.25 

260,000 

Washington Water Power Co., 1st and gen. mtg. 5s. 

1900 

J-J 

262,762.80 

18,166,500 

Publi Utifity Sub-Total. 

ABB 


12,992,257.91 



























































































CARNEGIE INSTITUTION OF WASHINGTON 
Schedule of Securitiee —Continued 


Aggreg*ts— 
Pit nr 

Nominal Value 

Description 

Ma¬ 

turity 

Int. 

Dus 

Total Coat or 
Value at Date 
Aoquired 


Mortgages 




326,000 

Empire Title and Guarantee Co., Guaranteed let Mort- 





gage, Ctf. No. 278 5M%. 

1934 

M-S 

826,000. 

100,000 

Lawyers Mtg. Co. Guaranteed 1st Mtg. Ctfs., Series 18397 





5M%. 

1986 

J-J 

100,000. 

80,000 

Lawyers Title and Guaranty Co., 6M% Mortgage. 

1936 

A-O 

80,000. 

100,000 

1st Mortgage 1184 Cromwell Ave., N. Y. 6M%. 

1932 

M-S 

00.600. 

100,000 

1st Mtg. N W. cor. Westbury Ct. A Flatbuah Ave., 





Brooklyn 5M%. 

1933 

M-N 

loo.ooo. 

100,000 

Mortgage-Bond Co., of N. Y. 6s 

1938 

J-D 

96,000. 

00,000 

N. Y. Title and Mtg. Co. Guaranteed 1st Mtg. Ctf., 614% 

1938 

A-O 

90,000. 

100,000 

N. Y. Title A Mtg. Co. 1st 5M*. 

1933 

J-J 

100,000. 

100,000 

Title Guarantee and Trust Co. 1st Mfg. Ctf. 130067 6s.. . 

1937 

J-D 

100,000. 

706,000 




790,600, 


Industrial 

( 



107,000 

Aluminum Co. of A. 1st sink. deb. 6s. 

1962 

M-S 

198,067.49 

60,000 

American Radiator Co., deb. 4M». 

1947 

M-N 

49,126. 

106,000 

Genl. Motors Acc. Corp. sink. 6s.. . 

1987 


106,042.31 

276,000 

Gulf Oil Corp., sink. deb. 6s. 

1947 

mSm 

278,396.26 

15,000 

Humble Oil A Ref. Co , deb. 5s. 

1987 

A-O 

16,000. 

110,000 

Lacks. Steel conv. 1st 6s. 

1960 

M-S 

112,926. 

110,000 

Liggett A Myers 7s. 

1944 

A-O 

130,068.77 

110,000 

Lorillard Co 7s. 

1944 

A-O 

128,614.76 

94,000 

Midvale S. A O. oonv. 6s. 

1936 

M-S 

94,206. 

8,000 

Park A T. Co. sink. deb. 6s. 

1936 

J-D 

6,400. 

200,000 

Rwy. Express Agency, 6s. 


M-S 

200,000. 

327,000 

Stand. Oil N. Y. deb. 4 Ms. 



814,926.98 

2,129,000 

Tenn. C. I A R. Co. 5s. 

1961 

J-J 

2,129,000. 

60.000 

Tex. Corp., Sinking deb. 5s. 

1944 

A-O 

49,126. 

200,000 

Youngstown S. A Tube 1st sink. 6a. 

1978 

J—J 

200,860. 

3,980,000 

Industrial Sub-Total. 

wm 


4,011,726.65 


Foreign 




180,600 

German External Loan of 1924 7s. 

1949 

A-O 

192,840.72 

100.000 

Govt, of Argentina 6s. 

1960 

M-N 

98,260. 

116,000 

Imp. Japanese Govt. 5M*. 

IMS 

M-N 

108,212.60 

300,000 

Kingdom of Denmark, ext. 4Ms. 

1962 

A-O 

274,875. 

26.000 

City of Montreal 6s. 

1966 

M-N 

24,062.60 

76,000 

City of Montreal sink. 6s. 

1964 

M-N 

72,876. 

100.000 

City of Montreal 4Ms. 

1946 

F-A 

94,868.90 

200.000 

New South Wales, ext. 6s . 

1968 

A-O 

189,662.60 

100,000 

Province of Alberta drib. 4M». 

1968 

J-J 

98,760. 

100.000 

Province of Alberta 6s. 

1960 

A-O 

101,126. 

100,000 

Province of British Col., 4Ms. 

1961 

J-J 

98,875. 

100,000 

Province of British Col. deb. 6s.. 

1939 

J-J 

100.412.67 

100,000 

Province of British CoL deb. 5s. 

1064 

A-O 

99,000. 

200,000 

Provinoe of Manitoba deb. 4Ms. 

1968 

A-O 

190,615.70 

100,000 

Province of Nova Scotia 4M*. 

1962 

M-S 

100,312.60 

100,000 

Province of Ontario 4s. 

1964 

M-N 

87,160.10 

60,000 

Provinoe of Ontario 5M» (825,000 registered). 

1987 

J-J 

61,291.10 

100,000 

Province of Ontario 6s. 

1969 

M-N 

99,789.68 

40,000 

Provinoe of Ontario 6s. 

1948 

M-S 

48,187.60 

30,000 

Frov. of Saskatchewan deb. 6s. 

1948 

J-D 

80,627.44 

76,000 

Toronto Harbour Comm. 4M«. 

1968 

M-S 

72,062.60 

100,000 

City of Toronto ogn. deb. 5s. 

1040 

J-D 

96,162.42 

90,000 

City of Toronto 6s. 

1962 

J-D 

89,888.68 

60,000 

City of Winnipeg inter, deb. 6s. 

1948 

J-D 

48,260. 

60,000 

City of Winnipeg deb. 6s. 

1946 

A-O 

68,600. 

100,000 

City of Winnipeg deb. 4Ms. 

1946 

J-D 

95,876. 

2,690,600 

Foreign Sub-Totel... 



2,609,707.21 


Stock* 




60,000 

A. T. A 3. Fe pref. stock... 


F-A 

68,126. 

200,000 

Cons. Gas. Co. Cum. pref. stock. 


FMAN 

196,726. 

100,000 

Du Pont do Nemours, deb. Stock. 


JAJO 

116,126. 

60,000 

J. I. Csss Thresh. M. Co. pref. stook. 


JAJO 

62,226. 

40,000 

Union Kao. R. R., pref. stock. 


ArO 

88,416. 

600,000 

U. S. Steel Corp., pref. stock. 


MJSD 

715,178.80 

940,000 

Stocks Sub-Total... 

M 

........ 

1,177,788.80 

84,780,000 

Aggregate—Funds Invested.. 



84,899,664.27 













































































































REPORT OF AUDITORS 


Real Estate and Equipment , Original Cost 


Administration (October 31,1931) 

Washington, D. C. 

Building, site, and equipment. 

Division of Plant Biology (September 30, 1931) 

Palo AUo , California (Headquarters) 

Buildings and ground. 

Laboratory. 

Library. 

Operating appliances. 

Department of Embryology (September 30, 1931) 

Johns Hopkins Medical School, Baltimore, Maryland 

Library. 

Laboratory. 

Administration. 

Department of Genetics (September SO, 1931) 

Cold Spring Harbor, Long Island, N Y. 

Buildings, grounds, field. 

Operating. 

Laboratory apparatus. 

Library. 

Archives. 

Geophysical Laboratory (September 30, 1931) 

Upton St,, Washington, D. C. 

Building, library, operating appliances. 

Laboratory apparatus. 

Shop equipment. ... 

Division of Historical Research (September 30, 1931) 

Tower Building, Washington, D . C. 

Buildings, grounds, operating. 

Library. . 

Tortuga* Laboratory (September 30, 1931) 

Tortugas, Florida 

Vessels. 

Buildings, docks, furniture, and library. 

Apparatus and instruments. 

Department of Meridian Astrometry (September 30, 1931) 
Dudley Observatory, Albany , AT. Y. 

Apparatus and instruments. 

Operating. 

Nutrition Laboratory (September 30, 1931) 

Vila StBoston, Massachusetts 

Building, offioe, and shop. 

Laboratory apparatus. 

Mount Wilson Observatory (August 31, 1931) 

Pasadena, California 

Buildings, grounds, road, and telephone line. 

Shop equipment. 

Instruments. 

Furniture and operating appliances. 

Hooker 100-inoh reflector. 

Department of Terrestrial Magnetism (September 30, 1931) 
6341 Broad Branch Road, Washington, D. C. 

Building, site, and office. 

Veseel and survey equipment. 

Instruments, laboratory, and shop equipment. 


$158,410.80 

42,381.91 

18,905.46 

20,351.54 


2,663 58 
12,057.42 
6,426.53 


284,897.27 

24,873.99 

20,093.32 

35,345.95 

46,488.90 


208,384.17 

133,268.83 

14,809.37 


6,802.86 
6,634 23 


30,930 43 
12,130.86 
9,322.55 


4,846.84 

4,905.10 


130,876.49 

34,441.23 


202,474.64 
45,642 69 
648,424 50 
192,100.75 
604,280.38 


215,065.22 

93,612.69 

141,609.67 


$342,846.33 


240,049.71 


21,147.53 


*410,699.43 


356,462.37 

13,437.09 


52,383.84 

9,751.94 

165,317.72 


1,692,922.9fl 

450,287.58 
3,755,306.50 


"Including Harriman Fund property in the amount $183,671.75 shown ss a separate item up 
the Balance Sheet (page 58). 
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REPORTS ON INVESTIGATIONS 




DEPARTMENT OF EMBRYOLOGY 

Gbobgb L. Streeter, Dibjcctob 

A new world was opened to the anatomist with the advent of the micro¬ 
tome and associated refinements of microscopical technique. By means of 
stained sections which these inventions provided him, he eagerly explored 
all the various tissues of the body and was able in course of a relatively 
short time to acquaint himself not alone with the marvelous intricacies of 
the mature body tissues but also with the processes of their formation. 
His observations were extended to the comparison of similar structures in 
the different animals and to the alterations produced in tissues by disease 
and experiment. Already their more spectacular conquests seem to have 
been won, and as objects in themselves stained sections have long since 
lost their novelty. This, however, does not mean that they have ceased to 
be useful; on the contrary, they are securely established as a requisite tool 
of the investigator. Mention need alone be made of their present impor¬ 
tance to genetics in the study of chromosomes, and certainly in many phases 
of embryology progress can be made only through their means. Our own 
Carnegie Embryological Collection is maintained exactly for this reason, 
and in the form of stained sections of human embryos it constitutes a great 
storehouse of data from which the story of the development of the body is 
gradually being revealed. 

Though essential in their proper place, stained sections, however, can 
portray only the dead material, and it has become apparent that, if we are 
to understand the functional mechanisms of the constituent cells, we must 
supplement sections with the properties of life, that is, we must orient the 
“fixed” appearance into what can be seen in living material. It is here that 
tissue-culture is rendering important service. In tissue-cultures nothing has 
been dissolved out and one can study under favorable conditions the sub¬ 
stances of the individual cells in their natural states, instead of in the form 
of precipitations, gelations and coagula. By utilizing this advantage we 
have been able during the past year to make outstanding progress in the 
study of the mammalian egg. The human egg in the one-cell stage and 
those of seven other mammals, obtained in various stages of cleavage, have 
been maintained under observation, photographed and compared while 
still living and a beginning was made on the visual identification of the 
numerous substances that compose their cytoplasm, the materials which we 
know are determinative in the further development of the egg. 

Advantage in the study of living eggs has also been secured from the 
motion-picture technique, by means of which it has been found possible to 
detect changes in form and size of the substances of the cytoplasm and 
nucleus, and the character of their movements. In this way the discovery 
was made of the hitherto unknown manner in which the living cell ingests 
small droplets of fluid, a process of fluid-intake comparable to the solid- 
intake of phagocytosis. 

Among other notable results of the year, mention should be made of the 
successes that are being achieved in the management and experimentation 
in our monkey colony. With improved methods of examination it is now 
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possible to recognize with certainty the time of occurrence of ovulation, and 
this in turn renders it feasible to recover early eggs without the use of an 
impracticable number of animals. From an egg so obtained and kept 
alive under the microscope, an excellent motion picture was made, showing 
its development from the two-cell to the eight-cell stage. The recovery 
of eggs from the tube and uterus has been followed by the perfection of 
an hysterotomy technique by which it has been possible to obtain the early 
implanted ovum of known age without sacrifice of the mother animal. 
This marks a new era in primate embryology. 

In addition to our studies of eggs of the mouse, guinea-pig, muskrat, cat, 
cow and monkey, we have continued our survey of stages of development 
in the human embryo and the origin of individual organs, including the 
detailed structure of the early body stalk, the otocyst, the nasal cartilages 
and the female genital tract. Under pathology of the fetus, observations 
have been made on the genesis of amniotic bands and adhesions, and data 
have been collected as to the duration of intra-uterine retention of the dead 
fetus. The genetic consequences of monster formation upon fission-rate 
and mean cell-length have been studied in paramecium. The placenta has 
been considered as it is found in the platyrrhine monkey and from the 
standpoint of the barrier it offers to blood-parasites. Additional demonstra¬ 
tions have been contrived for tracing the origin of the blood of the 
placental sign, and the whole female reproductive tract has been examined 
in the peccary. By means of a newly developed technique, making possible 
the removal of the hypophysis in monkeys, experiments have been conducted 
showing that the anterior-lobe hormone is essential for menstruation. Other 
studies have been made that concern the relation of hormones to ovulation, 
general motor activity and the sexual cycle. The study of the behavioral 
aspects of parturition has been completed, with the conclusion that in 
general it constitutes a chain reaction in which the response to one situation 
is the stimulus for the next. That there is a breeding season in monkeys 
has been verified by assembly of additional evidence. Such studies are the 
forerunners of the fundamental factors that must be determined and con¬ 
sidered in the construction of the framework of primate behavior. 

In the domains of cytology, cell-vacuoles have been shown to be transient 
organs that vary in function and appearance according to the needs of the 
cell and the circumstances of the environment. In tumor cells, further 
studies have been made on the nature of virus and the determination of its 
•active principle. Human carcinoma and sarcoma cells have been sub¬ 
cultured with improved methods and culture-strains have been maintained 
over longer periods. .It has been found in tissue cultures that soluble starch 
is hydrolyzed into sugar if growing cells are present. New studies have 
been made on endothelium and it has been shown by motion pictures that 
capillaries, by means of their solid growing tips, migrate in toto, and thus 
the invasion of new territory in the embryo and in healing wounds is 
facilitated. By motion pictures it has also been shown that the mode of 
migration of lymphocytes is essentially similar to that known for the 
amoeba, an alternation of solution and gelation of the surface protoplasm 
in response to metabolic and physiological functions taking place within 
the cell, rather than due to environmental contact. 
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Under studies of individual systems are included a comparative-anatom¬ 
ical analysis of the primate skeleton and further studies on facial muscula¬ 
ture. For the latter muscles it is shown that muscle sense is conveyed by 
the facial and not the trigeminal nerve. Observations are reported on the 
neural anatomy of the extrinsic eye muscles of the rabbit. The extent of 
pleurisegmental motor innervation of the gastrocnemius and sartorius 
muscles was determined in the frog. Important experiments have been 
made showing that the sympathetic innervation exerts no trophic control 
over the fibers of at least some skeletal muscles, a much mooted point. 
Mention is made of other neurological work of a kind on which the ultimate 
consideration of evolutional progress in the central nervous system must 
rest. It has been shown that the portal vein and the capillaries of the 
hepatic artery communicate through the sinusoids of the liver at the 
periphery of the lobule. In addition to comparative-anatomical studies of 
individual muscles and the trunk muscles of the fetal narwhal, the muscles 
of the gorilla foot have been compared with those of other primates, and 
it has been shown that variability is correlated with functional requirements 
and environmental conditions. Other comparative studies include the scent 
glands in marmosets and the endocrine glands of the alligator. 

In concluding this review of the year it is to be recorded that Dr. George 
B. Wislocki has resigned his position in the Johns Hopkins University to 
become Parkman Professor of Anatomy at the Harvard Medical School, 
where he will assume his duties this fall. Since 1919, when he became 
affiliated with the Department of Anatomy, Dr. Wislocki has been in close 
contact with the activities and researches of our laboratory and his cordial 
cooperation and wide experience have contributed largely to our progress. 
In going to Boston he will constitute an additional bond between our 
investigations and the important embryological activities that are centered 
there and will weld more closely the intimacy that has always existed 
between the two laboratories. 

MAMMALIAN EGGS 

After having seen the living egg in the rabbit and after learning that it 
could be kept alive during cleavage and the phenomenon recorded with 
motion pictures, we at once began to seek other eggs that could be studied 
in the same way and that by comparison with each other might serve to 
clarify the new visual details that were being encountered. In starting 
with the rabbit, we unknowingly had happened upon the most favorable 
species. In none of the other forms that have been studied since, have our 
culture methods been equally successful. However, other types of eggs 
have been obtained and observed and photographed in the living state, and 
though continuous development of individual eggs could not be followed 
over so long a period as in the rabbit, this disadvantage in part has been 
compensated for by obtaining them in various stages of development. 
During the past year, varying in the number of stages studied, photographic 
records were made of eggs in the living state of the following animals: 
mouse, guinea-pig, muskrat, cat, cow, Macacus rhesus, and an unfertilized 
human tubal egg. Descriptions of some of these have already been com¬ 
pleted for publication. 
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The Mouse Ecra 

Owing to its convenient size and large litters, one would choose the mouse 
as a favorable animal for the study of the living mammalian egg, but thus 
far Dr. W. H. Lewis, who has been studying this species, has not been able 
to get them to divide in vitro. He has studied a large number of live eggs 
at various stages in development and has made a number of observations 
regarding their occurrence, rate of transportation, rate and manner of 
cleavage, and change in size. The largest number he recovered from one 
animal was 23, and the largest number in one tube was 18. The time of 
insemination was dated from the vaginal plugs. Eggs were found in one- 
or two-cell stages in the second or third quarter of the tube, 24 to 30 hours 
after the appearance of the plug. At 49 to 51 hours six- to eight-cell stages 
were found in the fourth quarter. At 72 to 75 hours, moral® and blastocysts 
were present in the last quarter of the tube and first quarter of the uterus. 
In this descent the abnormal eggs were transported at the same rate as the 
normal ones. The average inside diameter of the zona, and consequently 
the diameter of the freshly ovulated ovum, was 90 micra. It was found 
that the cytoplasm decreases in volume in the course of development 
receding from the zona, and the ovum does not begin to grow in size until 
fluid appears in the segmentation cavity. As in the rabbit, early cleavage 
is dichotomous, and the larger cell of the two-cell stage divides before the 
smaller one, and its descendants before those of the smaller one. Dr. Lewis 
is preparing a photographic demonstration of this egg for the Contributions 
to Embryology. Because of the cytological details that can be seen in his 
photographs, it should be of great value to students of embryology elsewhere. 

The Cow Eoa 

Through cooperation with the Bureau of Dairy Industry, U. S. Depart¬ 
ment of Agriculture, Dr. C. G. Hartman and Dr. W. H. Lewis were able 
to study two cow eggs. One of these was a tubal egg in the one-cell stage 
and probably unfertilized. The other was removed from the fallopian 
tube 48 hours after mating and was found to be in the two-cell stage. It 
was placed under the motion-picture camera in cow plasma on a warmed 
slide for several hours and a record made of the movements of its cyto¬ 
plasmic granules. It was then fixed for further microscopic study, and as 
far as we know it is the only fertilized cow egg that has ever been available 
for observation. In addition to its importance for the study of the com¬ 
parative cytology of the egg, this specimen has further value from the fact 
that we have a complete history of the previous matings of the animal from 
which it was obtained, and the data are accurately known regarding the 
related cestrous cycle and the time and details of the mating, which are 
important from the standpoint of the physiology of reproduction. 

It is only now, with living eggs available, that measurement of them 
can be relied upon. Fixation causes marked and irregular shrinkage, for 
which accurate allowance heretofore could not be made. The inside diam¬ 
eter of the zona for the cow is 135 micra and that represents the original 
diameter of the vitellus at ovulation, giving a volume 1,600,000 cu. micra. 
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With the division into two blastomeres the total volume of the two is found 
to be 679,000 cu. micra, a shrinkage in the first cleavage of 58 per cent. 
We have only recently been aware of this marked reduction in the volume 
of the cytoplasm during cleavage. It appears to consist in an elimination 
of water, but just what water-elimination signifies is not yet clear. 

The Macaodb rhesus Egg 

Of all eggs we have seen, the monkey egg is the most promising for study. 
Its cytoplasm is the most transparent and presents the best view of the 
nucleus and the chromosome behavior during division. Dr. W. H. Lewis 
and Dr. C. G. Hartman have made observations on three living eggs: (a) 
morula stage washed out of uterus 3 to 6 days after ovulation; (b) four-cell 
stage, washed out 7 days after ovulation and mounted in plasma, in 13 
hours becoming, by division of largest cell, a five-cell egg, and in 15 hours, 
by division of next largest cell, a six-cell egg; (c) two-cell egg, recovered 
24 to 48 hours after ovulation, mounted in plasma and recorded by motion 
pictures until it reached the eight-cell stage. The last was the most impor¬ 
tant of the group, and the film showing its cleavage is excellent. As our 
facilities improve for obtaining the eggs, we shall hope to supplement this 
with other specimens and thus obtain a complete record of the development 
of the primate egg. Our success in obtaining the above eggs was due in 
large part to the better information we can now obtain, through Dr. 
Hartman’s method of bimanual rectal palpation, regarding the pertinent 
events that are taking place in the ovaries and uterus. 

The Human Egg 

An account of the human tubal eggs which were observed by Dr. Allen 
and his colleagues was published in a recent number of the Contributions 
to Embryology (vol. 22). These were studied for the most part in the 
fixed state. Dr. W. H. Lewis has enlarged our knowledge in this direction 
by excellent photographs made of the egg in the living state. He obtained 
an egg from an operated patient, 21 days after the onset of the last period. 
The periods had been at 35-day intervals, and if ovulation took place at 
the middle of the cycle it would be 18 days after the onset of the last 
period, making the ovulation age of the egg three days. In this specimen 
the vitellus completely filled the zona and thus was at its maximum size, 
the mean diameter being 136 micra. A feature of particular interest was 
the determination of three types of yolk bodies. This is a step toward the 
microchemical analysis of the composition of the cytoplasm of the egg and 
early blastomeres. It was found that yolk or fat is present in three forms, 
two of larger type: (a) a superficial layer of white yolk-spheres (6 to 10 
micra in diameter) closely packed against each other forming a surface 
mosaic over the entire egg; (b) greenish-yellow yolk spheres irregularly 
situated beneath the former, being fewer (about 20) and much larger (12 
to 16 micra in diameter). Both of these types contain small fat-like 
globules embedded in a homogeneous matrix. The third type is made up 
of the numerous small yolk or fat globules that lie between the above yolk 
spheres. 
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GENSSAL EMBRYOLOGY AND MORPHOGENESIS 

Staots or Development or Embrto 

The events that take place during the third and fourth weeks of develop¬ 
ment of the human embryo are gradually becoming better defined and 
understood. Normal and invariable morphological features are being sep¬ 
arated from artifacts and inconsequential individual peculiarities. Actual 
processes of transformation are taking the place of hypothecated ones and 
so, for this important period when our great organ systems are being laid 
down, reality is supplanting imagery and diagram. The accomplishment of 
this desired end depends on access to more and better specimens of these 
rare stages, with better photographic records of them in their original state 
and better technique in their reconstruction. Progress in the mastery of 
this period will be especially associated with the names of Bartelmez and 
Evans, Payne, Atwell, Ingalls, Davis, Corner, and I will add 0. 0. Heard 
and J. F. Didusch because of their important technical contributions. 

Another carefully studied stage has been added to our embryological 
foundation during the past year by Dr. C. H. Heuser. It consists of a 
well-preserved human embryo with 14 somite-pairs which came to the labor¬ 
atory in an intact chorion and could therefore be dissected from the mem¬ 
branes and studied under the most favorable conditions. Observations 
made directly from the specimen and adequate stereophotographs greatly 
increased the accuracy of the reconstructed study-models made of it. 
Following similar attempts made by Dr. Corner, Dr. Heuser devised a way 
of making ideal graphic sections, passing through any desired plane. This 
method is feasible only where enlarged serial bromide prints, provided with 
guide lines, are at hand, and such prints are available for all our recent 
young embryos. Ideal sections are of particular value in the study of the 
central nervous system. Because of its curved axis, no single plane can be 
selected for the cutting of the embryo that would be satisfactory for all 
parts of the brain and cord. By means of his ideal sections, Dr. Heuser 
was able to portray the neural tube as though cut exactly transverse to its 
long axis for all regions. This study, together with what Dr. Bartelmez 
had done on other embryos, provides a greatly improved survey of the early 
neural tube, the neural crest masses and the ectodermal thickenings of the 
head—the consequence of which is going to be the necessity of reconsidering 
the question of neural segmentation. Dr. Heuser’s observations on the 
embryonic structures and the primordia of the individual organ systems 
will be of value, not only in our further study of embryos but to embry¬ 
ologists in other laboratories. His observations on the nephric system 
should be especially noted, as at this early period other investigators have 
had difficulty in deciphering it. He presents a clear plot of it, along with 
photographs demonstrating the essential structures. Dividing the pro- 
nephric system into cephalic, middle and caudal thirds, he finds isolated 
remnants of the regressive cephalic portion in the region of the 5th and 6th 
somites. The caudal third is just forming and consists of a slightly seg¬ 
mented slender column of undifferentiated cells, losing itself caudally in the 
unsegmented mesoderm at the level of the 14th somite. It is the middle 
third that presents definite pronephric characteristics; beginning at the 
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7th somite on the left and 9th on the right it extends caudalward about 
three segments. Here one can recognize the primordium of the primitive 
excretory duct lying along the edge of the nephric cord and, from the 
arrangement of the cells of the latter, one can identify remnants of the 
nephrostomal canals, one or two nephrostomes, inner pronephric chambers, 
and external glomeruli. Here then we can see the pronephric system in its 
early form; later it becomes transformed into a very different structure and 
is found more caudally placed. 

Related to the above, mention may be made of the account prepared by 
Dr. C. G. Hartman of the stages in the development of the opossum. It 
is based on his own material and traces the development from the early 
egg, shows the laying down of the neural axis and portrays the form of the 
embryo at the time it is born to continue its development in the pouch. 
Being described in a non-technical manner, Dr. Hartman’s account has 
carried the story of this interesting animal before a wide audience. 

Chhomosome Studies 

The readers of the annual reports of the Department of Genetics, Cold 
Spring Harbor, will be familiar with the investigations on Sciara of Dr. 
C. W. Metz and his coworkers. Our laboratory has been fortunate in 
having him temporarily associated with us during the past winter. His 
experience and interests represent a phase of cell physiology with which 
the Department of Embryology is in need of better acquaintance. During 
his stay in Baltimore, Dr. Metz has continued his breeding experiments 
and chromosome studies in Sciara, an account of which will be found in the 
report from the Department of Genetics. 

For the purpose of making a detailed study of the embryology of Sciara, 
Dr. A. M. DuBois has temporarily joined our laboratory group and is 
working with Dr. Metz. Dr. DuBois came from the Kaiser Wilhelm- 
Institut, where, under Professor Goldschmidt, she had completed a mor¬ 
phological study of the development of the copulation apparatus of the 
intersexual female of Lymantria dispar. She was thus well fitted for 
undertaking the development of Sciara. It was hoped that by study of the 
living cells some additional information might be obtained regarding mono¬ 
centric division of spermatocytes and chromosome elimination from somatic 
nuclei, but thus far, owing to the unfavorable conditions of visibility, nothing 
further has been done than to verify the conclusions previously reached 
from the study of fixed preparations. She has, however, been able to follow 
the development of the body form of Sciara and the histogenesis of its 
different tissues. Since we now know that different parts of the body 
differ in chromosome constitution, the embryological history of the various 
tissues becomes essential and the studies she is now making will be of basic 
importance to Dr. Metz’s program. 

Genetic Experiments in Paramecium 

In our report of three years ago an account was given of the studies of 
Dr. C. F. DeGaris on the effect of monster formation in Paramecium 
caudatum with respect to change in characters of the offspring. The mon¬ 
sters were produced by arresting the specimens in an uncompleted state of 
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cell-division by means of fumes of potassium cyanide. Such specimens 
could be returned to normal environment and kept alive as double monsters 
long enough to give rise to either normal or abnormal progeny. It was 
found that the experience of monster formation did not alter the two basic 
characters of fission-rate and mean cell-length. Recently Dr. DeGaris 
has extended these experiments. After producing double monsters in ten 
pure lines of Paramecium, he has allowed these monsters to conjugate with 
individuals of their own line or of other lines, and either their anterior 
component or posterior component, or both. The resulting free progeny of 
the double monsters and respective free conjugates were used to start new 
pure lines, whose fission-rates and mean cell-lengths were then ascertained. 
He found in this way that conjugation of monsters alters the fission-rates, 
or mean cell-lengths, in more than three-fourths of the lines examined. 
Lines of Paramecium were thus experimentally produced, exhibiting new 
basic characteristics. The few lines that, after conjugation, showed no 
difference in fission-rate or mean cell-length are explained by Dr. DeGaris 
as being cases where double monsters, though apparently conjugating with 
free individuals, failed to complete the act, or possibly, though the con¬ 
jugation was complete, it might in some lines result in new combinations 
which would allow the fission-rate, or the mean cell-length, to remain 
unaltered. 

Since in the double monsters of the foregoing experiments there was free 
exchange of considerable parts of the cytoplasm between the anterior and 
posterior components, any change in characters shown by the free progeny 
of the two components after conjugation must be attributed, according to 
Dr. DeGaris, to diversities arising within the nuclei. In other words, he 
has produced heritable differences within a cytoplasm, most of which was 
common to the two components, but with nuclei rendered diverse by 
conjugation. 


Organogenesis 

Many years ago the writer of this report studied the development of the 
membranous labyrinth in human embryos. At that time the youngest 
available stage was represented by an otocyst already closed and detached 
from the surface ectoderm. Since that time younger material has become 
available and it has been possible to complete an earlier chapter for this 
ancient sense organ. Photographs have been made of it from embryos in 
our collection showing its early morphological features. It occurs as a 
recognizable thickening of the acoustic ectoderm in the 7-somite embryo. 
Its contours become more definite in the 10-somite embryo. Sinking in, it 
forms an epithelial pocket beneath the surface in 14- to 20-somite embryos. 
The closure and formation of a closure-stalk occurs in embryos about 3 
mm. long, and its final detachment from the skin is completed in embryos 
between 4 and 5 mm. long. 

In studying amniotic bands and adhesions, the writer had occasion to 
reinvestigate the normal procedure of amnion formation. The observations 
were based for the most part on specimens in the Carnegie collection. The 
amnion was traced from its earliest form in the Miller ovum up to the 
time the investiture of the umbilical cord becomes complete, which is about 
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the time the amniotic fluid begins to accumulate in large quantity (embryo 
12 mm. long). A feature of particular interest is presented by file relation 
the amnion bears to the body stalk. In the earliest stages the amnion 
forms the dorsal surface of the latter, from embryo to chorion, leaving the 
ventral two-thirds of the body stalk naked. As the body stalk increases 
in size this relation is maintained and the amnion always extends along its 
dorsal surface from embryo to chorion. Later this reflection is laterally 
extended so as to encircle the body stalk, embracing the stalk of the yolk 
sac and a small amount of ccelomic space as it does so. In this way the 
umbilical cord comes into existence. It will be noted that this is a rather 
more subtle procedure than the mechanical concept of a sheath invaginating 
the cord from the body placentalward, like the unrolling of an inverted 
glove finger. 

Our studies of the development of the female genital tract have been 
continued during the past year. The work of Dr. R. H. Hunter was pub¬ 
lished in its completed state in the Contributions to Embryology (vol. 22). 
His work is largely based on dissections of the entire genital tract in female 
fetuses and supplemented by microscopical examination of given areas. 
For younger stages he resorted to serial sections of embryos. In his study 
he traced the formation of the primitive genital canal and its relation to 
the urogenital sinus. Considerable attention was devoted to the propor¬ 
tional size and topography of the cervix of the uterus and the development 
of the vaginal cord and the part it plays in the formation of the hymen. 
Many of the factors bearing on the embryology of the vagina were neces¬ 
sarily left untouched by him because of the limited duration of his visit 
here. Fortunately it was possible to extend this research through Dr. A. K. 
Koff, who spent the winter of 1929-30 in this laboratory as a National 
Research Council Fellow, as mentioned in my last report. Taking up 
the thread where Dr. Hunter left off, Dr. Koff devoted his attention 
particularly to the development of the vagina. The observational part of 
that research has been completed by him and his data are now in course of 
preparation for publication. A preliminary account of his findings was 
given at the recent International Congress of Anatomists in Amsterdam. 

A foam-like arrangement of the surface mesoblast of the body stalk, 
characteristic of early human embryos, has been studied by Dr. C. H. 
Heuser. The opportunity to make observations on this peculiarity pre¬ 
sented itself in a well-preserved primitive-streak-stage embryo which could 
be examined under the binocular microscope and subsequently studied under 
higher powers in serial sections. The foamy appearance was found to be 
due to extremely thin-walled rounded elevations or vesicles covered on their 
outer surface by a continuous mesothelium, and communicating with each 
other and with spaces extending deeper in the body stalk. Though chiefly 
found on the stalk, they encroach in places upon the adjacent amniofi. 
Interest in the body stalk has been aroused by the evidences found recently 
of its being more than a simple mechanical attaching device for the embryo. 
The allantois is not only the entodermal evagination that projects into the 
stalk, but a portion of the mesoblast and probably the adjacent character¬ 
istic vascular plexus are also parts of this mechanism, which in man is so 
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soon arrested in its development. Because of these new possibilities this 
region is being carefully scrutinized by the embryologist. 

The observations on the ontogeny and phylogeny of the nasal cartilages, 
which were made by Dr, I. C. Wen of Peiping Union Medical College, were 
assembled and published in their final form in the last volume of the 
Contributions to Embryology (vol. 22). This investigation was done with 
Dr. Schultz, whose large collection of primate material made possible a 
complete study of the growth differentiations of the nasal cartilages from 
fetal to adult stages and a correlation of the cartilaginous parts with the 
external configurations of the nose, systematically both for the platyrrhines 
and catarrhines. Dr. Wen’s study lays a working basis upon which the 
interpretation of the various racial differentiations of the human nose may 
become possible. Being so little influenced by specialized functions, the 
nasal cartilages, even more so than the pinna of the ear, Constitute structures 
especially suited for the determination of phylogenetic relationships between 
different groups of primates. It is in these cartilages, rather than in the 
outer nose, that we have the means for differentiating the two main groups 
of primates. Dr. Wen finds that the shape and arrangement of the nasal 
cartilages in the gorilla approach the conditions in man more closely than 
do those of the orang. The cartilaginous framework of the human nose 
represents in many respects a generalized catarrhine type, secondarily mod¬ 
ified by the surrounding bony structures and the newly acquired projection 
of the nasal septum. Of the different cartilages, the nasal septum is the 
first to appear in the embryo and is the one to change least in development 
and to vary least in the different primates. It is in the wing cartilages where 
the most far-reaching differentiations occur. In the cartilage of the ear 
it was the articular portion that was least variable, and the scapha-helix 
that varied most. As for bilateral symmetry one can assume from Dr. 
Wen’s drawings that it is present in about the same degree in the nasal 
cartilages as in the pinnse of the ear. That the two sides are in close appo¬ 
sition would therefore seem not to be a factor in increasing likeness. 

During the part of last year Dr. S. H. Sankas, a fellow of the Rockefeller 
Foundation, participated in our work. He studied the development of the 
entodermal tract in the human embryo by means of wax-plate reconstruc¬ 
tions. While here the publication of his work on the relation of cranial 
module to capacity in Peruvian skulls, done under the direction of Doctor 
A. HrdliSka of the U. S. National Museum, was published. 

Modeling Technique 

A new method of orienting serial sections has been perfected by Mr. 0. 0. 
Heard in. which the sections are photographed as they are cut. A special 
camera carrying standard moVioU-picture film is mounted over the micro¬ 
tome. Before each sectiqn is cut a photograph is taken by vertical illum¬ 
ination of the surface of the block. Since the aperture of the camera is 
rigid with refetqjti* to the microtome, its notched border, as recorded on 
the film, pjynjmTthe correct orientation for each section. Subsequently 
the film is ^ojected to superimpose, frame for frame, on the enlarged serial 
bromides and the orientation lines are then drawn in on the latter. This 
technique provides an additional advantage, in that the record of each 
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section is made before any distortion is introduced by the unavoidable 
compressing effect of the advancing edge of the knife. We had not realised 
to what extent paraffin sections are distorted in the cutting process even 
when most carefully done. The technique will make it possible to work 
with greater accuracy and apparently removes the last element of personal 
equation from our reconstruction process. 

PATHOLOGY OP THE FETU8 

In the Year Books issued in 1929 and 1930 accounts were given of obser¬ 
vations made in this laboratory on focal deficiencies in fetal tissues and 
their relation to intra-uterine amputation. Since then the material has 
been assembled for publication and has appeared in its final form in the 
Contributions to Embryology (vol. 22). An application of the conclusions 
arrived at in that study has been made to other defects of the egg, and their 
bearing upon disease and longevity has been pointed out in a lecture, given 
by the writer as part of a symposium on development held at the Institu¬ 
tion in November 1930. 

In studying defects df fingers, serial sections of them were prepared for 
microscopical examination. Observations of interest, showing new phe¬ 
nomena of living cells, were made in the moribund areas which should be 
studied further. As the fetus dies, some of the tissues survive longer than 
others, and may indeed continue differentiation and growth for some time 
similar to cells in plasma cultures. The evidence of this was everywhere 
present in this material. After arrest of circulation, endothelium could be 
seen leaving the vessel wall and spreading in among the blood-cells. Fibro¬ 
blasts under these conditions are particularly active. Possibly it is these 
that constituted the fibrous masses, arising in the subcutaneous tissues, 
which perforated the skin-ectoderm to hang free as naked strands in the 
amniotic fluid, a phenomenon common to these cases. 

The nature of intra-uterine amputation may be presented somewhat as 
follows: Granted that there is a normal disparity in the quality of vitality 
of the different tissues of the body, and that this disparity is inherent in the 
germ-plasm, and hereditarily transmitted, we should be prepared to en¬ 
counter now and then extreme disparities, cases where a given tissue has 
an anomalous excess of vitality and growth potency, or, in the other direc¬ 
tion, a greatly decreased vitality and defective growth capacity. This in 
fact is what is shown by the specimens in our collection. Some of them 
are characterized by circumscribed areas of limb-bud tissue, which due to 
an exceptional growth response have developed to twice their normal size. 
The opposite kind of case exists where, due to extreme deficiency, a given 
part is entirely absent. Intermediate between these two are those cases 
where a given part, though normal enough in size, is aberrant in form. The 
digits supply the most numerous representatives of this group, through 
their marked disposition to such deformities as doubleness, extra fingers, 
webbed fingers, short fingers, stunted fingers and anomalous joints. It is 
to be emphasized that all of these things are primarily involved in the 
constitution of the germ-plasm. Whether a finger is to grow too large, or 
to have an abnormal form, or not to grow at all depends on the quality 
of the particular bit of limb-bud tissue from which it takes its origin. 
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Hence these abnormalities bear a relation to each other and are not infre¬ 
quently blended, and may also be associated with deformities of other parts 
of the body. 

Between not being able to develop at all and the developing of an 
abnormal form is another variety of defective growth in which sharply 
circumscribed areas of limb-bud tissue are of such inferior quality that 
only imperfect histogenesis occurs. These areas appear to be defective 
from the outset, and maintain themselves only in the earlier weeks of 
pregnancy. Already at the 14th week they are found as fibrous moribund 
masses, surviving after the manner of tissue-cultures and sloughing away 
from the adjoining normal tissues. In older fetuses the signs of disin¬ 
tegrating areas diminish and the normal tissues adjust themselves to the 
defects, the ectoderm closing in over the raw surfaces. By the time of 
birth, the adjustment has for the most part been made, and one finds traces 
of the damage in the form of depressions, grooves, or healed stumps, occa¬ 
sionally with slender residual strands of defective fibrous material still 
adhering to the affected regions. The defects appear by preference in the 
subcutaneous connective tissue. The ectoderm, muscle and bone are also 
involved when the defects are extensive. The damage that is done depends 
partly on the extent and partly on the location of the area involved; if it 
be all of the soft tissue of the end of a digit or a whole foot, that much 
sloughs off and is said to be “amputated.” A similar result is effected if 
there is an annular zone of defective tissue sufficiently deep to isolate the 
parts distal to it. Deprived of adequate nourishment, the distal part suc¬ 
cumbs and is, in truth, amputated. In many instances the annular zones 
are not deep enough to interrupt the deep circulation and the foot, or hand, 
or more distal finger survives. The only damage in that case is the deform¬ 
ity due to the presence of the crease. If the defect is extensive enough, 
this crease tends to encircle the extremity completely; a lesser defect results 
in a crease that only partially encircles it, whereas a small defect may leave 
no mark. Such appear to be the phenomena that constitute intra-uterine 
amputation. 


Genesis of Amniotic Bands and Adhesions 

A study of abnormal fetuses was made by the writer, including our own 
specimens and those contained in the literature, in which amniotic bands 
in different stages of development could be identified, and it was found that 
in all of them the defective condition could be traced back to the time of 
the formation of the amniotic cavity. It is assumed that the defect involves 
the primordial cells of the amnion along with contiguous cells of the germ- 
disk, involving them both in the deformity which eventually takes the 
character of a band or cord connecting a defective fetal region with the 
placenta. No case of adhesion of the amnion to the surface of an other¬ 
wise normal embryo could be found. Experimentally we know that that 
type of adhesion can only be induced by injury of the surfaces. There are 
certain cases of amniotic trabeculae and partitions that arise through the 
persistence of .primitive connective-tissue strands traversing the segmenta¬ 
tion cavity of the ovum. With expansion of the amnion during the second 
month, these constitute resistance lines around and over which the amnion 
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may become folded. Evidently this type of anomaly never causes abnor¬ 
mality in the fetus. 

Retention or the Fetus 

Among our records there are entered 437 cases of retention of the dead 
fetus, which fall within the sixth to seventeenth week of pregnancy, for 
which there were reliable histories of the menstrual age. The fetuses were 
grouped into their respective weeks of development and their retention was 
calculated on the basis that the discrepancy between the menstrual age and 
the age according to size (Carnegie Curve of Growth) represents the 
approximate elapse of time between the death of the fetus and the time 
of its expulsion. This discrepancy was determined for each fetus and the 
results were tabulated and the average was determined for the respective 
weeks of development. In this way it was learned that the dead fetus is 
ordinarily retained about six weeks, the retention being somewhat shorter 
in the earlier and somewhat longer in the later weeks. In exceptional cases 
the retention may be very greatly prolonged. These fetuses that have been 
spontaneously expelled by the uterus six weeks or more after arrest in 
development (death), present a rather uniform picture, one chiefly of 
maceration. The epidermis is sloughed off; the tissues are opaque and 
flabby; due to relaxation of muscles and joint tissues the fetus assumes 
bizarre postures; the head is flattened with partially open eyes, gaping 
mouth and mummy-like lips and nostrils; the umbilical cord is opaque, 
flattened or alternately thread-like and cedematous and usually excessively 
twisted and often entangled around the body parts. Cases of prolonged 
retention were recognized without difficulty by physicians—but that it 
occurred in this lesser degree so commonly in abortion material was gen¬ 
erally unknown. 


Tabus 1 —Duration of retention following death of fetus based on 437 specimens in 

Carnegie Collection 
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No. of specimens. 

83 

88 

76 

40 

32 

18 

15 

20 

16 

14 

20 

15 

Average retention in days. 

31 

35 

35 

38 

30 

42 

30 

38 

45 

50 

56 

44 


PHYSIOLOGY OF REPRODUCTION 
Breeding Season 

That the summer months constitute a non-breeding season in the rhesus 
monkey was referred to in the report of last year. Since this is contrary to 
the usual statement in books and the testimony of travelers, Dr. C. G. Hart¬ 
man has collected further data from various directions, with the result that 
his original interpretation is substantiated. His data show that this species 
of monkey experiences definite seasonal variations in conception rate with 
almost complete cessation of ovulation during part of the year, constituting 
a non-breeding season. 
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The data on which Dr. Hartman’s conclusion is based include an inven¬ 
tory of a shipment of 27 females captured four months previously in India 
and constituting a sample of the forest. This sample is corroborative of 
the observations of Heape based on 230 Indian rhesus monkeys taken in 
tie wild state. The histological study of the Hubrecht material (Java 
macaque) studied by van Herwerden showed that the inactive uteri were 
from animals captured during the summer months, May, June and July. 
The protocols of Dr. Hartman’s own colony contain records of 38 concep¬ 
tions, and because of their accuracy are of great value. Of these only one 
conception occurred in the summer months and over half of them occurred 
in October, November and December. The reason that conception does 
not occur in the summer was made clear by surgical inspection of the 
ovaries which at that time are found to be almost invariably in a state of 
rest. And the same is found true by the more easily performed bimanual 
rectal palpation. To complete his data, Dr. Hartman sent a questionnaire 
to the directors of the larger zoological gardens in various parts of the 
world, 23 of whom sent lists of dates of birth occurring among their mon¬ 
keys. Such records clearly show that in the northern hemisphere, October 
to January are the fertile months for the rhesus monkey, and that during 
June, July and August breeding is at low ebb. In the southern hemisphere 
(Australia) apparently it is reversed and there the best breeding season 
is from April to July. This seasonal variation seems to hold for macaques 
in general and apparently for the hamadryas baboon. In other monkeys 
the evidence is not so clear—chiefly from lack of reliable data. 

Behavioral Aspects op Parturition 

During the past year the behavioral study of parturition by Dr. O. L. 
Tinklepaugh and Dr. C. G. Hartman was brought together in completed 
state for publication, and in its final form constitutes an outstanding con¬ 
tribution. Dealing with one of the most fundamental of instinctive acts, 
it will have a bearing on other phenomena of primate behavior. Eleven 
parturitions were witnessed in the course of two months in the spring of 
1929 and photographic records made of six of them. Five other parturi¬ 
tions occurring at other times are incorporated in their study, which includes 
Dr. Hartman’s case which was the first detailed observation of parturition 
under controlled conditions in any primate other than man. 

These observers first review some of the general phases of reproduction 
and proceed to the consideration of the effects of pregnancy on the female. 
They then give a detailed account of parturition as it occurs in a typical 
multipara and in atypical cases such as an old multipara and a young 
primipara, with a consideration of the differences between multiparous and 
primiparous behavior. Among the behavioral factors to which especial 
attention was given were the posture during delivery, manual cooperation 
of the mother in delivery, the cleaning of the baby and its significance, 
disposal of the afterbirth, treatment of the umbilical cord, evidences of 
pain during delivery and the absence of maternal vocalization. 

In considering the behavioral pattern in parturition, it was possible to 
analyze it on the basis of chain reactions in which the response to one situa¬ 
tion is the stimulus for the next. At the same time the process of parturi- 
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tion involves behavior at two levels, namely, that involving the skeletal 
and that involving the visceral musculature with their relatively inde¬ 
pendent neural systems. When the successive situations and responses are 
tabulated they are found to be for the most part the outcome of smooth- 
muscle functions at the autonomic level, each being followed by an appro¬ 
priate response of the skeletal musculature. The variations in behavior 
were found almost exclusively to arise from the variability in the skeletal 
responses. Thus the actual sequence of behavioral events in parturition is 
largely determined by functions at the smooth-muscle level, and the overt 
behavior, or what is ordinarily seen, consists of the somatic responses to 
these smooth-muscle situations. 

Hormones and Menstruation 

When it was learned that periodic uterine bleeding, i.e. menstruation, can 
occur in monkeys in the absence of ovulation and formation of corpora 
lutea, it became apparent that the prevailing clinical opinion, according to 
which this phenomenon is attributed to degeneration of the corpus luteum, 
must be discarded and its cause sought outside of the ovary. During the 
past year Dr. C. G. Hartman in cooperation with Dr. W. M. Firor and Dr. 
E. M. K. Geiling have obtained strong evidence that the active substance 
that initiates menstruation is elaborated by the anterior lobe of the 
hypophysis. 

By means of a technique developed by Dr. Firor, they were able to remove 
the hypophysis in the monkey without appreciable injury otherwise. A 
series of female animals of different ages was thus hypophysectomized and 
subsequently studied. In the first place it was found that in these animals 
the sex cycle is abolished, the sex organs atrophy and the sex skin becomes 
pale as in the immature animal. Now, if in such hypophysectomized animals 
Amniotin-Squibb (ovarian hormone) is administered there is not the slight¬ 
est sign of bleeding, although this hormone otherwise always causes bleeding 
whether the animal is mature or not and even in the absence of ovaries. 
In some animals the hypophysis was not quite completely removed, and 
larger doses of Amniotin-Squibb given to these resulted in very slight bleed¬ 
ing. These experiments establish the fact that the presence of the hypoph¬ 
ysis is essential for the initiation of bleeding. It was then found that 
implants of fresh gland, or intraperitoneal injection of triturated gland 
tissue, or injection of acid or alkaline extract, all restore bleeding in hypoph¬ 
ysectomized animals whether they are old or young. These administra¬ 
tions also produce bleeding in sick, in amenorrheic and in castrated animals, 
evidently through greatly supplementing their own anterior lobe hormone. 

It was found much easier to induce the bleeding phenomenon than to 
cause growth and congestion of the uterus and ovaries. This may be due 
either to a difference in threshold of the two phenomena or it may be that 
they are conditioned by separate hormones. The fact that both acid and 
alkaline extracts bring about bleeding favors the existence of a distinct 
hormone, a hormone that is independent of the follicle-stimulating effect, 
the luteinizing phenomenon and the several other effects attributed to the 
gland. These crucial observations prepare the way for a new theory of 
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menstruation and provide tests that admit it into the field of accurate 
experimentation. 

Knowing that hypophysectomized animals are very sensitive to insulin, 
this test of the absence of the gland was utilized. In the glandless monkeys 
where insulin was injected there was a marked reaction, whereas in a normal 
control no reaction occurred. The data from these experiments clearly 
indicate that monkeys in which the hypophysis is removed are hypersensi¬ 
tive to insulin, like other laboratory animals. 

Hormones and Ovxjlation 

The urine of pregnant women contains a substance which when injected 
in mice or rabbits causes ovulation or luteinization of the follicles, a test 
of pregnancy that is becoming of great practical importance. With the 
view toward determining how widely this substance is distributed, Dr. 
F. F. Snyder and Dr. G. B. Wislocki injected into rabbits the urine from 
various pregnant animals, including macaque monkeys, rats, rabbits, cats 
and dogs. With a test which they found always positive with urine from 
pregnant women and always negative with urine from non-pregnant wo¬ 
men, their series of pregnant animals under repeated trials was all negative. 
The urine of none of them induced ovulation when 10 c.c. of it was injected 
intravenously into mature rabbits. The fact that this substance is absent 
in animals throws some light on its nature. Hormones ordinarily are not 
species-specific, in many cases are common to both sexes and may or may 
not be related to pregnancy. This ovulation-causing substance that is 
limited to the urine of pregnant women thus lacks the universality charac¬ 
teristic of hormones and probably is not one. It appears more likely to be 
an excretion product arising from the metabolism of pregnancy restricted 
to women and perhaps also present in the apes. 

Hormones and Behavior 

Recognizing that the secretions of the hypophysis perform multiple and 
diversified services, Dr. C. P. Richter and Dr. G. B. Wislocki undertook 
to determine what part these endocrines play in certain phases of behavior. 
They approached the problem by experiments on rats in which the hypoph¬ 
ysis was either completely removed or in which portions of the anterior 
or of both the anterior and posterior lobes were left intact. In such animals 
observations were made on spontaneous general motor activity (running in 
drums), upon food and water intake, on body weight, and on sex activity. 
It was found that when the whole gland is removed the four-day sex cycles 
disappear, the spontaneous activity of the animal is greatly reduced, and 
the body weight and food intake are decreased to a low level, where they 
may remain fairly constant. When the gland is only partially removed, 
spontaneous activity is not affected. If the anterior lobe is left intact the 
sex cycles are present and normal. Where there were only remnants left 
of both the anterior and posterior lobes there was considerable disturbance 
of the cycle though it persisted to some extent. In removal of the hypoph¬ 
ysis, the adjacent tuber cinereum is frequently injured and this is followed 
by increased #ater-intake (polydipsia), a phenomenon previously studied 
by Dr. Richter. This, however, does not depend on the removal of the 
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hypophysis and it occurred in only one out of ten animals in which the 
gland was totally extirpated. These investigators found that the disturb¬ 
ances that ensue on absence of the gland can be partially corrected by 
injection of alkaline extracts of the hypophysis. The body weight and food 
intake were thus restored in some cases, but the extract had no effect on 
spontaneous activity. 

Certain anatomical changes were found to follow complete hypophy- 
sectomy, showing the close interrelationships that exists between the endo¬ 
crine organs. The thyroids and adrenals become hypoplastic. The repro¬ 
ductive organs become atrophic. The thymus and lymph-glands of the 
entire body are markedly enlarged, whereas there is extensive disappearance 
of body fat. For a review of the interplay between the different elements 
of the endocrine system that occurs in the sex cycle and in pregnancy, the 
interested reader might well turn to the Carnegie Lecture which Dr. Hart¬ 
man has recently published and in which a survey is presented of the present 
status of this intricate physiological problem. He will find there that we 
still have no explanation for why, of thousands of primordial follicles, one 
is singled out at a given time to grow and become distended with liquor 
folliculi. How the elect are chosen is as unknown to us as why the follicle 
bursts at ovulation. 


Placental Studies 

When Dr. Hartman discovered that blood is present in the vagina in 
Macacus rhesus during the third and fourth weeks of pregnancy, with a 
regularity that makes it valuable as a placental sign and an early indication 
of pregnancy, the question arose as to the origin of that blood. Together 
with Dr. Wislocki he was able later to demonstrate by microscopical exam¬ 
ination of a monkey uterus killed at the moment of maximum bleeding that 
many of the uterine glands are filled at that time with extravasated blood 
and some of this escapes through the uterine lumen and vagina and becomes 
the “placental sign.” To shed more light on the occurrence of these hemor¬ 
rhagic extravasates, Dr. E. S. Stafford, while a student under Dr. Wislocki, 
injected with india ink a series of pregnant animals of various species, and 
was able to trace satisfactorily the pathway by which the blood escapes 
from the endometrium into the uterine cavity. Such extravasations seem 
to be of almost universal occurrence in mammals. He was able to demon¬ 
strate by means of injection a communication between the endometrial 
vessels and the uterine lumen in the dog, cat, rat and rabbit, but failed in 
the guinea-pig. It is also of doubtful occurrence in mammals having a 
diffuse placenta. Dr. Stafford’s series was most complete in the rat, where 
he was able to correlate the phenomenon with the state of blood supply of 
the endometrium at the various stages of gestation as well as the distribu¬ 
tion relative to the placental site. For some time it has been apparent i& 
our human specimens that extravasation plays a constant part in implanta¬ 
tion of the ovum. This material can now be restudied to advantage. 

Dr. G. B. Wislocki has been able to study from a new aspect the placental 
barrier between the human fetus and the maternal blood stream. He had 
the good fortune to obtain some placental material from a patient suffering 
from malaria in a hospital at Panama. In such cases the intervillous spaces 
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become quite filled with malarial parasites within the red-blood cells and 
there is a marked increase in the relative number of lymphocytes and 
monocytes present. It was of great interest to know if the chorionic syn¬ 
cytium is capable of phagocytizing malarial products and transmitting them 
to the fetus. Dr. Wislocki found that this does not happen. The villi, 
including their stroma and covering epithelium, are not visibly affected by 
the malarial organisms or the pigment particles released by their activity. 
It is of further interest to note that the increased monocytes which accumu¬ 
late in such large numbers in the placental circulation of malarial patients, 
phagocytizing pigment and other malarial products, do not penetrate the 
fetal tissues. It is therefore unlikely that malaria can be transmitted 
from mother to fetus. The chorionic syncytium, scarcely changed from its 
original trophoblastic form, serves throughout as a yery selective membrane, 
effectually barring out unsuitable materials. Since lymphocytes and mono¬ 
cytes can not be produced by the walls of the intervillous spaces and since 
they are present in these spaces in large numbers, one must assume that 
they are brought there by the circulation. That the latter, however, is a 
sluggish one is evidenced by the fact that the malarial parasites while in 
these spaces are relatively immune to quinine treatment, though this be 
energetic enough to eradicate them from the peripheral circulation. 

The data which he has collected over a period of several Bummers in 
Central America has been supplemented and brought together by Dr. G. B. 
Wislocki. It comprises a fairly complete series of stages of the placenta- 
tion of a platyrrhine monkey (Ateles geoffroyi). Certain features of this 
work have been referred to in previous reports. During the past year his 
completed study appeared in the Contributions to Embryology. In it there 
are included many observations on the new-world monkeys, including sex 
ratio, fertility, breeding season, ovaries of pregnancy and external genitalia. 
His chief attention, however, has been directed to the matter of placentation. 
The material falls in three stages: early stage, a specimen containing a 12- 
somite embryo; intermediate stage, a uterus and placenta belonging to a 
48-mm. fetus; late' stage, represented by three specimens close to term. 
From a study of the endometrium and the implantation site he finds that 
whether there is one or two placental disks is no more characteristic of 
platyrrhines as a group than it is of catarrhines. The character and mode 
of growth of the trophoblast, however, is quite different in the new-world 
monkeys from the old-world forms. The platyrrhine trophoblast and its 
associated mesoderm produces a trabeculated labyrinth, like the labyrin¬ 
thine placentae of other orders, and one must therefore speak of trabeculae 
and intertrabecular spaces, instead of villi and intervillous spaces. 

The lamina basalis is distinguished in platyrrhines by a very marked 
development of the endometrial glands together with a characteristic 
proliferation of the glandular epithelium and the formation of cell nests. 
This hypertrophied glandular tissue subsequently degenerates and is ab¬ 
sorbed by the growing fetal placenta. Proliferation of the glands occurs 
in catarrhines but not to such a marked extent. Observations were made 
by Dr. Wislocki on the placental border and the paraplacental endometri um , ’ 
comparing the conditions in Ateles with those in Cebus and Alouatta, and 
he also gave consideration to the nourishment of the fetus, making observa- 
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turns regarding the embryotrophe and the occurrence of endometrial bleed- 
ing. There appears to be a relatively large fraction of embryotrophe avail¬ 
able for the nutrition of the embryo and the aggressive trophoblast seems to 
manage the resorption of it without embarrassment. 

Female Reproductive Tract of the Peccary 

An interesting study has been made by Dr. G. B. Wislocki comparing the 
reproductive tract of the pig with a closely related species, the collared 
peccary, which has a more limited number of young. The latter has only 
two mammee and its uterus is small and, like the tubes and ovary, differs 
materially from that of the domestic sow. The ovaries of pregnancy in 
the peccary, even at a relatively advanced stage of gestation, show two sets 
of large corpora lutea of different degrees of development, the one set per¬ 
taining to the fetuses in utero and the other to a preceding ovulation. Pla- 
centation is essentially alike in the two forms. It is of interest to note 
that the placenta show less variation than the other tissues and organs 
including the reproductive tracts themselves. Dr. Wislocki finds that the 
same holds for the placenta of gorilla and man, whereas their respective 
genital tracts distinctly differ from each other. We may conclude that the 
placenta in respect to variation is more stable in character than the genital 
tracts which bear it. 

HISTOLOGICAL AND CHEMICAL RESEARCHES ON LIVING TISSUES 

Migration of Embryonic Capillaries 

In the hands of Dr. Warren H. Lewis, the adaptation of motion-picture 
photography to the study of embryonic cells has yielded important facts 
regarding the growth of endothelium and capillary vessels. Through this 
means he has been able to make another step forward in our progress of 
solving the problem of blood-vessel formation. He has shown that young 
capillaries with their contained blood cells and plasma can migrate in toto 
out into the meshes of the neighboring mesenchyme, accomplished appar¬ 
ently through traction exerted by the amoeboid growing tips. It is evident 
that this unsuspected phenomenon must greatly facilitate the spreading of 
capillaries during the development of the embryo and also in wound healing 
in mature tissues. 

Dr. Lewis made his observations on cultures of the subcutaneous tissues 
of 7- and 8-day chick embryos in which one can readily obtain endothelial 
and capillary outgrowths from the preexisting blood-vessels within the 
explants. Already at this early stage the endothelial cells are highly differ¬ 
entiated and show a definite tendency to form plexuses of solid strands or 
capillaries, even in the absence of the hydrostatic factors of circulating 
blood and the regulating influences that normally exist in the embryo. 
Due to this characteristic as well as from the appearance of the individual 
cells, the migrating endothelium can be clearly recognized from the mesen¬ 
chymal cells which migrate with and in advance of it. 

The motion-picture film shows the capillaries with their inclosed blood- 
cells moving out from the explant. They may become completely detached 
or connecting parts may be pulled out into solid endothelial strands. The 
capillary lumina are thus of various sizes and contain from one to many 
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cells. They become completely isolated from the neighboring capillary 
lumina with which they had been originally connected. Apparently all the 
capillary lumina of the outgrowths containing blood cells were at one time 
continuous with those of the explants. 

The blood cells in the capillaries under these conditions soon degenerate, 
and it is of interest to note that no new ones are formed, either from the 
endothelium or mesenchyme. The growth of the endothelium may continue 
for the life of the culture but frequently it degenerates before the other 
cells of the culture, the cells wandering out and losing themselves among the 
mesenchymal cells. No evidence was seen by Dr. Lewis of differentiation 
of mesenchymal cells into endothelium in any of the cultures. In previous 
reports such differentiation has been described both for the chick and the 
human embryo. It may prove necessary to review, those earlier observa¬ 
tions. Better criteria may be found for distinguishing between the mesen¬ 
chymal cells as they come pouring out from the primitive streak. What 
has heretofore been classed as indifferent mesenchyme may prove to consist 
of cells differing among themselves in their potentialities though morpholog¬ 
ically indistinguishable. 

Locomotion or Lymphocytes 

Another contribution is to be credited to the motion-picture technique. 
By this means Dr. W. H. Lewis has been able to arrive at an explanation 
of lymphocyte locomotion. Motion pictures were made of migrating lym¬ 
phocytes from cultures of lymph nodes. The individual frames of these 
films were subsequently projected singly, one after the other, while draw¬ 
ings were made of individual lymphocytes. This made it possible to deter¬ 
mine the paths and rate of their migration and the detailed changes in form 
of the cells under an enlargement of 2000 diameters. 

From a study of this data it becomes clear that the mode of migration of 
lymphocytes is essentially similar to that described for the amoeba. The 
essential features are a local softening of the cytoplasm with a formation of 
a pseudopod which is thrust out from this area by the contraction of the 
outer more rigid layer of the cell. The latter constitutes a constriction 
ring and remains fixed as regards objects outside of the cell. As the pseu- 
dophodium enlarges and extends forward, the softer cytoplasm and the 
nucleus pass through the ring until finally the much constricted ring forms 
a tail-like appendage at the posterior end. As the nucleus passes through 
the ring it is either constricted or it dilates the ring which contracts again 
after its passage. From 25 to 50 seconds are required for the body of the 
lymphocyte to pass through a constriction ring and that constitutes a migra¬ 
tion period. With each period a new constriction ring forms or there may 
be a succession of rings during one period. 

During periods of rest the lymphocyte is spherical, though pseudopodia 
are sometimes thrust out and retracted without doing more than producing 
a slight motion of the cell. When a rest period is over, however, and the 
lymphocyte begins to migrate, a pseudopodium flows out from a relatively 
small area and a groove, the constriction ring develops at its base where it 
joins the body of the cell and becomes more marked as the pseudopod 
increases in length. The groove is the rim of the softened area which gives 
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rise to the pseudopod and in front of it, as it first appears, is the expanding 
pseudopod and behind it the body of the lymphocyte with its large nucleus. 
The constriction ring and the surface of the body of the cell are denser, 
apparently in the gel state, while the advancing pseudopod is more fluid 
and in the sol state. The contraction of the body which forces out the 
pseudopod appears to involve the whole surface of the lymphocyte except 
over the advancing process. Thus the lymphocyte may be regarded as 
having a plasmagel surface layer and a plasmasol center in which the 
nucleus lies. As in the amoeba there appears to be a continuous solution of 
the former at the posterior end, associated with continuous flowing forward 
of the plasmasol and at the same time there is a continuous gelation at the 
advancing rim of the plasmagel. The indications are that these changes 
are not direct responses to environmental contacts but are metabolic and 
physiological functions taking place within the cell. 

Natube of Cell-Vacuoles 

During the winter and early summer of 1929, Dr. Z. Grodzinski of the 
University of Krakow was guest at this laboratory as Rockefeller Fellow. 
While here he advanced our knowledge concerning the nature of vacuoles 
as seen in living embryonic cells, the published account of his studies ap¬ 
pearing in the last volume of the Contributions to Embryology. 

It is only in the past few years that it has become recognized that vacuoles 
exhibit variability in function. Analyzing his observations on this basis, 
Dr. Grodzinski has been able to reconcile the existing divergent views that 
vacuoles are pathological formations and that they are normal organs of 
the cell. In the first place he established their normal existence in the 
cells of the vitelline area of the chick “in ovo.” Utilizing tissue-culture 
methods, he then determined the influence of different media on their appear¬ 
ance and number, and determined their affinity for certain dyes and chem¬ 
ical reagents and their reaction to foreign bodies such as india-ink granules. 
From his observations, we must from now on regard vacuoles as transient 
cell organs varying in function and appearance according to the needs of 
the cell and the circumstances of the environment. He shows that they 
serve: (a) as segregation vacuoles in the presence of india ink or other 
indigestible foreign bodies; (b) as food vacuoles for storing of food supply, 
including the huge yolk spheres present in the cells of the vitelline area; 

(c) as secretion vacuoles for the normal by-products of metabolism; and 

(d) as injury vacuoles for storing products of degeneration, such as those 
induced in cultures by the presence of bacteria. The appropriate designa¬ 
tion for a vacuole is therefore determined by the function it is performing 
at the moment. 

In structure it was found that vacuoles consist of lipoids on the surface 
and a colloidal fluid proteid inside. The latter is more liquid than the cell- 
plasma and is more alkaline than the culture medium. The effort was made 
to determine whether granules acting as foreign bodies produce vacuoles or 
if they enter preexisting ones, and it was found that the latter unquestion¬ 
ably happens. However, under certain circumstances vacuoles may form 
around foreign bodies. 
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Vacuoles in cultures commonly show marked changes in form and these 
were studied in preparations vitally stained by brilliant cresyl blue. Dr. 
Grodzinski finds that at times vacuoles show signs of instability. They may 
quickly elongate in channels, which later become cut off, migrate and 
undergo division into smaller units or daughter vacuoles. These in turn 
may flow together and form larger ones. These alterations in form appear 
to be passive and due to changes in the viscosity of the adjacent cell plasma. 

These studies were made on the area vitellina of the chick, because in 
that region there are no mesoderm cells. The elimination of the latter 
with their numerous developmental potentialities greatly simplified the 
observations. In addition to his contribution to our knowledge of vacuoles, 
Dr. Grodzinski studied in some detail the behavior of the ectoderm and 
entoderm of this region under the conditions of tissue-pulture, and his paper 
contains some excellent photographs showing the characteristics of these 
tissues. 


Phaqocttosis and Pinocytosis 

The opinion has been generally held that the function of the lining cells 
of the trachea and bronchi is restricted to the mechanical removal of foreign 
particles and pulmonary refuse by means of ciliary motion and secretion 
of mucus. That they do more than this has been recently shown by Dr. 
Marian W. Ropes. Working with supravital dyes, she has studied the 
ciliated epithelial cells of the trachea and bronchi in rabbits and has been 
able to demonstrate that if they are exposed to carbon dust they are 
definitely phagocytic although they are not all equally so. The predom¬ 
inating type of ciliated cell is only slightly phagocytic, whereas there is a 
smaller group of ciliated cells that are markedly phagocytic. On exposure 
to carbon, the latter increase in number and show in their reactions to 
vital dyes many characteristics that are common to the ordinary phagocytic 
cell. The point arises whether these do not lose their cilia and become the 
well-known clasmatocytes that are found free in the lumen of the respira¬ 
tory tract. It would seem possible that at least a portion of the so-called 
dust cells may thus be of epithelial origin. The only cytological difference 
between the actively phagocytic epithelial cells and the clasmatocytes of 
the lung is the possession of cilia by the former. The final proof of their 
identity will be the demonstration of their loss of cilia. The study of Dr. 
Ropes further extends the already broad field of tissues in which phagocyto¬ 
sis constitutes an important function. 

As distinct from phagocytosis, or engorging by cells, Dr. W. H. Lewis 
has proposed the term pinocytosis, or drinking by cells. He defines 
pinocytosis as the phenomenon by which cells take in globules of fluid 
from the surrounding medium which can not diffuse into them or be taken 
in by ordinary phagocytosis. That certain cells in tissue cultures, especially 
the macrophages, take in such globules was discovered by him through the 
means of motion-picture records, this being another contribution to the 
physiology of the cell made possible through that technique. 

When a macrophage flattens itself out on a cover-glass, a clear trans¬ 
parent undulating membrane or wavy veil-like pseudopod, or series of 
pseudopodia, can be seen extending from its periphery. The periphery is 
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Fig. 1—Phenomenon of pinocytosis. Outlines show same macrophage at one-minute inter* 
vale. Heavily ringed globules can be followed as they enter at periphery and proceed to 
center of cell, where they decrease in size and are lost among other granules. In this 
manner an amount of fluid equivalent to one-third the volume of the cell may be taken in 
during the course of an hour. 
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like a ruffle, the free edge of which is thrown in a series of folds which are 
in continuous motion. In the folds of this wavy membrane fluid globules 
become caught and surrounded. The globules at first are irregular in 
outline but soon become spherical, evidently as they sink within the 
cytoplasm, the latter happening when a sufficiently large part of the surface 
of the globule becomes enveloped. The mechanism appears to be a trap¬ 
ping of the fluid by the irregular folds, rather than by the diffusion of fluid 
into the cell and its accumulation there in droplets. As soon as the globules 
or vacuoles of fluid become inclosed within the pseudopod, they move 
toward the center of the cell, reaching the granular zone in one to five 
minutes. They usually penetrate this and then rapidly decrease in size, 
being reduced to granules and becoming lost among other granules and fat 
droplets. Several globules are often taken in at the same time, near each 
other or in different regions of the periphery, and as they move toward the 
center of the cell they frequently fuse with one another, especially the 
smaller ones, and form larger globules. The amount of fluid taken into the 
cells under some conditions is relatively great. In the course of an hour 
it may amount to one-third the volume of the cell and in twenty-four hours 
it may be several times its volume. Dr. Lewis has shown, by adding neutral 
red to the culture medium, that these pinocytized globules, when first taken 
in, do not store dye like the granules and vacuoles, but as they reach the 
center of the cell and decrease in size they exhibit the stain, indicating that 
Borne change has occurred in them or that some interchange has taken place 
between them and the cytoplasm of the cell. 

The occurrence of pinocytosis was discovered in cultures of the omentum 
of the rat where there are great numbers of migrating macrophages and 
monocytes and transitional forms between these. In nine motion-picture 
films of such cultures, varying from one to seven days old, all show this 
phenomenon. Active pinocytosis was also seen in sarcoma and carcinoma 
cells and in normal fibroblasts. It may prove to be more universal than 
this in its occurrence. 

Virus Studies 

A few years ago it was found by Mrs. M. R. Lewis and Dr. Andervont 
that when carmine powder is introduced into plasma containing chicken- 
tumor virus, or into an extract of the tumor, it inactivates the virus present 
in these fluids. Also leucocytes carrying virus after they have ingested 
carmine particles no longer have the power to produce a tumor. The ques¬ 
tion immediately arose as to what particular element of the carmine powder 
renders the virus harmless. Carmine powder is a complex material, being 
an extract of the cochineal bug and precipitated by means of aluminum, 
calcium and certain metal acids, the process differing according to the manu¬ 
facturer preparing it. It remained for us to find out which of these com¬ 
ponents are responsible for the inactivating effect. The question also arose 
as to whether other dyes possess this property of inactivating the virus and 
whether there might not be some dye even more efficient than carmine as an 
inactivating agent. With the purpose of answering this question, Mrs. 
Lewis has tested the action of some 36 of the common biological dyes on 
extracts of chicken tumor. As with carmine there is the complication of 
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contaminating material present in these dyes to which the effect may be 
due rather than to the actual dye substance, and this can only be determined 
through further chemical studies. It was found, however, that of the dyes 
tested, those exhibiting the greatest inactivating power on the virus were 
toluidin blue, eosin, erythrosin, phenol indophenol and dichlorophenol in- 
dophenol. All of these have a greater inactivating effect than carmine. 
Toluidin blue inactivated the virus of chicken sarcoma in solutions of one 
part of dye to 10,000 parts of highly virulent tumor extract. Sixteen of 
the dyes tested did not inactivate the virus and, in the case of some dyes 
that did, it was found to be due to the harmful change in the hydrogen-ion 
concentration brought about in the virus solution rather than to their 
specific dye composition. To be effective the virus solution must have a 
pH value of between 4 and 12 inclusive. 

Experiments leading toward the chemical isolation of chicken-tumor virus 
have been conducted by Mrs. M. R. Lewis and Mr. W. Mendelsohn. They 
have obtained indications that the virus is not present as a free entity in 
saline extracts of the tumor, but is associated with the protein globulin 
either in the form of a loose chemical union or in one of physical adsorp¬ 
tion. Using concentrated extracts of rapidly growing tumors in young 
chickens, they prepared Berkefeld filtrates which were mixed in equal 
volumes with saturated ammonium sulphate solution. In this way the 
albumin and globulin fractions were separated and then the ammonium 
sulphate removed by dialysis through parlodi'on bags. It was found that 
inoculation with the albumin portion of such filtrates is never followed by 
a tumor. In every instance, however, where the dialyzed globulin fraction 
was injected into the breast of a chicken a tumor resulted within 12 days. 
This shows that the virus is thrown down with the precipitate of globulin 
in the salting-out process, and is not rendered inactive by the presence of 
ammonium sulphate. 

After showing that chicken-tumor virus is either of a globulin nature or 
in some way associated with globulin when the latter is salted out of a 
Berkefeld filtrate, Mrs. Lewis and Mr. Mendelsohn undertook to obtain a 
protein-free virus. If this could be done the globulin relation would be 
explained. Knowing from earlier work done in this laboratory that the 
tumor-producing agent can be adsorbed from an extract of the tumor by 
means of aluminum hydroxide or plaster of Paris, these adsorbents were 
made use of, and it was found that a practically protein-free solution of the 
virus could be obtained by washing it free from the adsorbents with alcohol. 
The potency of the virus treated in this way could not be depended upon, 
though it was sometimes as active as the control filtrate. Instead of adsorb¬ 
ing the virus from the extract it was found better to adsorb the protein. 
This was done through the agency of Kaolin or animal charcoal. Treat¬ 
ment with these adsorbents left a solution of the virus in which no protein 
could be demonstrated by the use of the Biuret test or by the nitric acid 
ring and at the same time the tumor-producing agent was not inactivated. 
Ten inoculations made with extracts of six tumors from which the protein 
had been removed by Kaolin resulted in tumors within eight days. Twenty- 
two inoculations were made with extracts of nine tumors rendered protein- 
free by means of animal charcoal and resulted in nineteen tumors within 
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twelve days. From these results it is evident that the protein can be 
removed from the tumor extract without decreasing the potency of the 
virus. It further demonstrates that the relation of the virus to the precipi¬ 
tated globulin in the earlier experiments is a physical one rather than a 
chemical combination and that it becomes attached to the globulin just as 
it does to an adsorbent. It is to be hoped that being able to work with a 
protein-free virus may lead to a clearer conception as to its nature and how 
tumors are brought about. 

Reducing Powers of Tumor Tissues 

As an additional method of testing the behavior of different types of 
tumor tissues and their comparison with normal tissues, Mrs. Lewis in 
cooperation with Dr. Barron and Dr. Gardner has determined their reduc¬ 
ing power, using methylene blue as the indicator of feduction intensity. 
Seven different strains of malignant tumors in the rat and one rabbit tumor 
were studied by them, and it was found that the tumor tissues have prac¬ 
tically the same reducing power as normal tissues, concerning which there 
had been some doubt. Two tumors produced by filterable viruses (Rous 
chicken sarcoma and rabbit myxoma) were found to have a much lower 
reduction power than the other tumors studied. Similarly tissues where 
filterable viruses were growing showed a diminished power of reduction as 
compared with normal tissues. By adding an easily oxidizable substance 
to the medium, such as sodium succinate, the time of reduction is shortened, 
showing that in all of these tumors an enzyme is present which activates 
the oxidation-reduction. The two tumors produced by filterable viruses 
were found to be lacking in this enzyme. 

Conversion of Starch into Sugar in Culture Media 

It happens that sugar is one of the components necessary in a culture 
medium for an abundant growth of cells, and if it is absent they soon 
become vacuolated and die. Mrs. M. R. Lewis and Mr. T. G. Lawler, 
utilizing this fact, have been able to demonstrate that if soluble starch, in 
place of the sugar, is introduced into the medium, it becomes hydrolyzed 
into sugar in the presence of growing cells. That the starch is actually 
hydrolyzed into dextrose was shown by testing with iodine and with Feh- 
ling’s solution. This can be demonstrated within twenty-four to forty-eight 
hours in those cultures in which the tissue has grown. In cultures, how¬ 
ever, which have not grown, the starch remains unaltered. The starch cul¬ 
tures exhibit about as extensive growth as those in media made up in the 
usual way with dextrose. In a few days, however, the cells begin to show 
vacuoles and most of the cultures die within a week or ten days. In other 
words, although the growing cells can change starch into sugar, the form 
of sugar thus obtained is not as favorable for growth as the commercial 
dextrose which we have ordinarily employed. 

Cultures of Human Tumors 

Because of the close relation of his problems to our own studies, we have 
been cooperating with Dr. Bloodgood in his researches on cancer. In the 
carrying out of this research Mr. G. O. Gey, with the assistance of Mrs. 
Gey, has attempted to establish permanent strains of human malignant 
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tumor cells. They have found that human carcinoma cells of many epithe¬ 
lial tumors can be kept alive in glass cells by subculture for several months. 
By that time the carcinoma cells have died out and there remain in the 
subcultures only fibroblasts, derived from the stroma of the tumor. Sar¬ 
comata do somewhat better. Cultures of them have been maintained for 
a period of six months through many generations of subcultures. In a few 
instances, cultures have been obtained that seem to be composed wholly 
of sarcoma cells. Up to the present none of the malignant cells have shown 
a viability comparable to that of fibroblasts, whether the latter are derived 
from tumors or from normal adult tissues. At present, experiments are 
being made with other types of media with the purpose of finding one that 
will stimulate more efficiently the growth of malignant cells in the presence 
of their stroma cells. The culture medium that thus far has given the best 
results consists of the following: 3 parts of an artificial serum (a modified 
Ringer-Tyrode solution); 7 parts of a 60 per cent beef-embryo extract; 
3 parts of fresh human cord serum; and 7 parts of normal human plasma 
(heparinized 1-50,000). A number of cinematographic records have been 
made of the above cultures by Dr. W. H. Lewis for the purpose of studying 
the behavior of human tumor cells. 

ANATOMICAL AND BIOMETRICAL STUDIES 
Skeleton 

During the past few years Dr. A. H. Schultz has been making comparative 
studies on the higher primates including the gibbon, the siamang, the three 
large apes, and man. This has been done with the view toward analyzing 
the phylogenetic relations that exist between them and determining the 
ranges of individual variations within a species or genus, and the degree to 
which these ranges approach one another, or overlap. It has only recently 
been possible to speak in terms of individual variation and even now it can 
be done only with respect to a limited number of selected anatomical char¬ 
acters. Fortunately there are now in this country important collections 
of this valuable material, notably the large museums in New York, Wash¬ 
ington, Philadelphia and Cleveland. Recently the Johns Hopkins University 
acquired the complete skeletons of twelve gorillas, one of which appears 
to be the largest ever described. These and the other primate forms that 
Dr. Schultz has assembled in his laboratory have been the subject of exhaus¬ 
tive study and have served for the majority of his morphological records. 
Supplementing his own material by observations on other available speci¬ 
mens he has brought together data from 159 different specimens of higher 
primates, other than man, and 61 different lower primate specimens. Dr. 
Schultz’ attention was concentrated on the skeleton and for the consideration 
of variations he omitted all observations upon the skull. It happens that 
the skulls of apes and man have already been studied extensively, whereas 
the bones of the trunk and limbs offered a less well-known field and it is 
the latter he has been successfully exploring. 

It was found that each higher primate has some skeletal features which 
are more highly specialized than in any other primate, but for no primate 
can it be said that it is the most specialized one. In 14 skeletal characters, 
for instance, man is farther removed from the common ancestral condition 
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than apes, whereas in 23 other characters one or another ape has become 
more highly specialized than man. Evolutionary differentiations have pro¬ 
ceeded in opposite directions in various types of primates and two quite 
different forms may be equally far removed from the original ancestral 
condition. The evolutionary units, if there are such things, are therefore 
not represented by the skeleton as a whole but lie in its subdivisions. In 
general the human Bpine has remained less specialized and more original 
than that of the anthropoid apes. The latter as well as the gibbons are 
very much more variable than man. In all the higher primates the num¬ 
bers of the sacral and especially the coccygeal vertebra are less stable than 
those of the thoracic and lumbar. Dr. Schultz shows that each structure 
or group of structures, of each type of primate, has its own characteristic 
tendency to vary. Therefore, as we compare different animals we will find 
the units of variation limited to definite features. Most'of the conditions 
studied in the spine, the sternum, the shoulder girdle and the upper extrem¬ 
ity have evolved into greater extremes in one or another of the apes than 
in man. The only skeletal peculiarities that man may pride himself on 
are found in the pelvis, the proportions of the long bones of the lower 
extremity and the foot. 

From observations on the skeleton of the trunk and limbs of the gibbon 
(Hylobates) and the large Siamang, Dr. Schultz has demonstrated that the 
two are genetically separate. Also of taxonomic interest, he concludes from 
their many skeletal differences that the mountain gorilla and the lowland 
gorilla must rank as separate species. Because of the frequency and inten¬ 
sity of variation from “type,” it is apparently going to be necessary, for the 
classification of species and genera, to rely upon the combination of varia¬ 
tions in a number of structures. Thus species instead of an objective 
becomes an operative concept. 


Muscle Studies 

An additional chapter on the evolution of the facial musculature and the 
cutaneous field of the trigeminal nerve has been contributed by Dr. E. 
Huber, who during the past year has assembled his data for the primates. 
This is a continuation of the studies referred to in my last report. He 
compares the facial tactile vibrissas in the lower primates and shows how 
this important tactile mechanism deteriorates in the higher primates who 
are fully able to orient themselves in their surroundings by the combined 
use of their eyes, hands and in some forms a sensitive prehensile tail. This 
in turn is correlated with elaboration of the neopallium and establishment 
of a higher intelligence, which in turn is reflected in a more elaborate facial 
expression of these primates and differentiation of the mimetic musculature. 

Dr. Huber finds that the mimetic musculature in man shows racial differ¬ 
ences more conspicuously than the rest of the muscle system. He has 
studied especially a large series of American negroes of all ages and has 
compared them with whites. The characteristics appear in fetal life. In 
the three-months fetus, the muscle field is already regionally differentiated 
and the principal branches of the facial nerve are formed. It is not until 
the fifth month that the muscle bundles receive their final differentiation and 
characteristic coloring. Curiously enough, though there is completed struo- 



DEPARTMENT OP EMBRYOLOGY 


31 


tural differentiation and innervation of the mimetic musculature at birth, 
there is, however, no facial expression at that time. It evolves very grad¬ 
ually in connection with the completion of the sensory mechanisms and with 
the elaboration of association centers. During the first year there is great 
progress in the conscious and intelligent reactions of the infant to the sur¬ 
rounding world, and correspondingly the facial expression becomes more 
manifold and definite. The modifications of facial expression, that occurs 
with age and in different individuals and races, outlined by Dr. Huber 
open up an important field for future research. 

In collaboration with Dr. W. Hughson, Dr. Huber obtained evidence that 
the mimetic musculature is provided with muscle sense which is conducted 
together with muscle pressure sensibility by the muscle branches of the facial 
nerve. This was shown by submitting himself to the painful r61e of being 
the experimental subject. By means of an electrode, individual branches 
of his facial nerve, giving definite response of the mimetic muscles of the 
forehead and of the cheeks, were located and marked with indelible ink. 
The frontal, supraorbital and infraorbital branches of his trigeminal nerve 
were then blocked with novocain. Following complete anesthesia of these 
nerves and with stimulation again applied to the same points, Dr. Huber 
could still recognize when the stimulated muscles were contracting, proving 
that the muscle sense is conducted by the facial and not the trigeminal 
nerve. Thus far they have not been able to demonstrate any sensory end 
organs in the superficial facial musculature. 

Further comparative anatomical observations have been made by Dr. 
Huber with a bearing upon the genetic relationship of the three mammalian 
phyla. He has further strengthened his position as to an origin of the 
monotremes fully apart from that of the marsupials and placentals, from 
a different group of the theriodont reptile stock. His assumption for this 
is based on the striking peculiarities that the monotremes exhibit with ref¬ 
erence to the facial musculature and to the cutaneous field of the trigeminal 
nerve. The marsupials and the placentals on the other hand have the 
same essential plan for their facial musculature, the restriction of the tactile 
surface of the snout to the rhinarium, possession of facial tactile vibrissse, 
and the distribution of the cutaneous branches of the trigeminal nerve. 
Dr. Huber regards these characteristics as establishing the common ancestry 
of the marsupial and placental phyla. 

Comparative studies among the primates of individual muscles have been 
made by Mr. A. B. Howell and Dr. W. L. Straus jr. Two of these, the 
biceps brachii and the coracobrachialis, have been published in the form of 
brief descriptions in the Proceedings of the American Association of Anat¬ 
omists. Along with this should be mentioned the observations made on the 
muscle of Treitz by Dr. B. Halpert and Dr. F. D. Coman. It is this muscle, 
lying behind the peritoneum, that holds the distal end of the duodenum hi 
position. These investigators examined it in about 300 cases and deter¬ 
mined its structure, topography and relation to the peritoneum, finding it 
relatively independent of the latter. 

As an offshoot of his study of the anatomical adaptations of the Cetacea, 
Mr. A. Brazier Howell has made a systematic dissection of a term fetus of 
the Narwhal, the same specimen in which Dr. Huber studied the facial 
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muscles. The preservation was excellent. Mr. Howell’s drawings and the 
morphological data from his careful dissections have been brought together 
for publication and thus will constitute a mass of material that will be of 
value to the comparative anatomist, especially because of the exceptional 
interest that attaches to these strangely adapted mammals. 

The Gorilla Foot 

Continuing his investigations on the primate foot, Dr. W. L. Straus jr. 
has had the opportunity to study the foot musculature of the highland 
gorilla of East Africa (Gorilla beringei ). His account is the first descrip¬ 
tion we have had for the complete foot, and because of the significance and 
rarity of such material it well deserves the careful attention Dr. Straus has 
given it. He finds that in its musculature as well as in its skeleton and 
outer form the foot of the gorilla more closely approaches that of man 
than does the foot of any other primate. Whether the likenesses are to 
be interpreted as indicating a close genetic relationship or due to convergence 
produced by common environmental requirements, he does not attempt to 
decide. Nor does the foot of one animal offer sufficient data to answer the 
question as to whether the highland and lowland gorillas are to be con¬ 
sidered as separate species, which as I have noted is the view held by Dr. 
Schultz. The musculature of this lone foot, in its various details, is well 
within the range of variation of the known examples of the lowland gorilla. 
If one compare all Primates, it is found that some of the foot muscles are 
conservative, have a common essential use, and show very little difference in 
structure. Other muscles, however, have a wide range of variability and 
differ markedly among the various Primate groups. Among these are the 
long and short flexors of the toes, the deep plantar muscles and the peroneal 
groups. It is interesting to note that variation is not a property extrinsic 
to muscles, raining down on them equally on the just and the unjust. In¬ 
stead, it appears to distribute itself choicely and is found correlated with 
varying functional requirements and environmental conditions. 

Portal and Hepatic Anastomosis 

In his study of the structural unit of the liver, Dr. Mall by means of 
injection preparations came to the conclusion that there is a direct union of 
the branches of the portal vein and the hepatic artery at the periphery of 
the lobule. Among subsequent workers there have been those who main¬ 
tained that there is an intervening capillary bed. Dr. J. McK. Olds and 
Dr. E. S. Stafford, while students in the Johns Hopkins Medical School, 
reinvestigated the nature of communication between the two circulations, 
and their observations have recently reached final publication. They found 
that both the portal vein directly and hepatic artery by capillaries com¬ 
municate with the sinusoids of the liver at the periphery of the lobule and 
thus the portal venous and hepatic arterial blood mixes in these peripheral 
sinusoidal channels. On the other hand they could find no interlobular 
capillary anastomoses between the hepatic artery and portal vein. Their 
careful study thus not only confirms Dr. Mali’s interpretation, but also 
adds further important details regarding the exact mode and site of junc- 
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tion of portal and hepatic systems. Their observations were made for 
the most part on cats which were injected with a single injection of india ink 
or with two contrasting masses (india ink and carmine gelatin) sufficiently 
fluid to flow through the smallest capillaries. Similar preparations wen 
also made of human material obtained at autopsy. 

Scent Glands in Marmosets 

Through the generous cooperation of the Barro Colorado Island Labora¬ 
tory, to whose assistance we have been indebted repeatedly during the past 
few years, it has been possible for Dr. G. B. Wislocki to make observations 
on the scent glands of the marmoset. In most of the Simians the olfactory 
mechanism is poorly developed; the marmoset, however, has a marked 
rhinencephalic type of brain. Correlated with this, the marmoset has a 
greater complexity of scent glands of the skin than any of the Simians. 
They are located in the pubic region, on the genitalia or in the perineum, 
and do not appear to be sex limited, though in some species they are more 
extensively developed in the female than in the male. Microscopically Dr. 
Wislocki finds that the glands are developed from highly modified hair 
follicles in which the tubular and sebaceous components have produced 
complex holocrine and apocrine glands which are functionally extremely 
active. These observations support the contention that these glandular 
complexes of the skin are most highly developed in those animals that are 
macromastic, and are vestigial or absent in those animals in which the 
olfactory apparatus has become markedly reduced. 

Ductless Glands of the Alligator 

One outstanding feature of hormones has been their universality and 
striking constancy in character throughout the animal kingdom. It is 
therefore of interest to have our attention directed to the ductless glands 
of the alligator by Professor A. M. Reese of West Virginia University. In 
collecting his material he was in part aided through this laboratory. His 
observations were completed for publication during the past year and 
comprise a morphological study of the adrenals, thyroids, parathyroids, 
thymus, spleen and hypophysis. 

THE NERVOUS SYSTEM 

Mubcue Innervation 

Mention was made last year of Dr. Marion Hines’s observations on degen¬ 
eration of the nerve endings of the extrinsic eye muscles of the rabbit follow¬ 
ing cutting of the oculomotor nerve and removal of the cervical ganglionic 
chain. Since then her experiments have been completed and an account of 
her work has appeared in its final form. 

A factor that contributed to the success of Dr. Hines’s study was hef 
wise choice of a technique that enabled her to trace a nerve fiber from its 
point of origin in the nerve trunk to its final termination, and that satis¬ 
factorily revealed the different types of nerve endings, namely, vital-staining 
with methylene blue. She was able to clearly identify the four distinct 
types of endings that occur in the rabbit in addition to those that are 
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found on the blood-vessels. All of the four types of endings and their 
supplying nerve trunks degenerate when the oculomotor nerve is out close 
to the brain. On the other hand they remain unaffected if, instead of 
cutting the oculomotor nerve, the cervical sympathetic trunk is removed. 
Therefore the total innervation of the muscle fibers within the rabbit’s eye 
muscles is derived from the oculomotor nerve. The nerves supplying the 
blood-vessels of these muscles have a different origin. They are derived in 
part from the oculomotor nerve and in part from the cervical sympathetic. 
When the cervical sympathetic trunk is removed, they degenerate to a 
considerable extent. Some nerve fibers to the larger blood-vessels, however, 
remain intact and degenerate only when the oculomotor nerve is also cut. 
In other words the blood-vessels of the eye muscles are innervated both by 
the third nerve and the cervical sympathetic. Dr. Hines’s experiments 
establish the neural anatomy of the extrinsic ocular mhscles in the rabbit 
on a firm basis. The functional nature of the mechanism and to what 
extent these are afferent and efferent fibers can be answered only in part. 
We still lack suitable means for their physiological analysis. Dr. Hines’s 
observations draw attention to this particular group of muscles as primitive 
in type and rich in innervation, and it would seem a favorable place for 
learning fundamental facts regarding the innervation of skeletal muscle. 

Working with Dr. Hines and using her adaptation of the methylene-blue 
technique, Miss Vera Mather has investigated the extent of pleurisegmental 
motor innervation of the gastrocnemius and sartorius muscles of the frog. 
The motor nerves to these muscles come through lumbo-sacral plexes from 
the ventral roots of the eighth, ninth and tenth nerves. The distribution of 
the fibers was determined by degeneration of the motor end-plates after the 
nerve roots were cut. In a series of animals the eighth, ninth and tenth 
nerves were cut separately and in others their anterior roots were cut within 
the vertebral canal. In some experiments two or three of the nerves were 
cut simultaneously. The subsequent study of the distribution of degen¬ 
erated end-plates in the two muscles selected showed that they are almost 
entirely monosegmentally innervated; only a few fibers showed evidence of 
plurisegmented innervation. The great majority of nerve fibers in the 
gastrocnemius are derived from the ninth nerve, although degenerated fibers 
from the tenth are found in a small area at the periphery at the upper end 
of the muscle. Occasionally a few degenerated fibers were seen at the 
lower end of the muscle after cutting the eighth nerve. From this distribu¬ 
tion it is improbable that any plurisegmental innervation occurs in the 
gastrocnemius. In 25 put of 28 muscles studied for the purpose, no fibers 
were formed bearing both degenerated and normal endings. In two muscles 
one fiber showed this occurrence, and in one muscle two fibers each showed 
it. At the best it is therefore very rare. In the case of the sartorius muscle 
there is marked individual variation in its motor innervation and conse¬ 
quent variation in the spinal cord segments from which its supply is derived, 
much more so than in the gastrocnemius. Also the distribution of the nerve 
endings in the sartorius muscle showed great variation. The majority of 
fibers innervating it, however, come from the ninth nerve, the eighth and 
tenth supplying the remaining muscle fibers in varying amounts. 
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Sympathetic System and Skeletal Muscle Innervation 

Dr. S. S. Tower has continued her experimental studies with references 
to the participation of the sympathetic system in the innervation of skeletal 
muscle. This problem has been approached in two ways. In the first 
place she has determined the effect upon the muscle fibers of removal of 
the sympathetic chain for that region. Mention was made of this in the 
last report and since that time her observations have been extended. Using 
a large quantity of material from three species of animals (cat, dog and 
goat) which had been subjected to unilateral sympathetic denervation, she 
found that comparison of the normal muscle of the fore-limb with that from 
the denervated side revealed no evidence of trophic disturbance. The mate¬ 
rial was tested with respect to: (1) staining reaction of the muscle tissues; 
(2) the presence and character of the cross and longitudinal striatums; (3) 
the character, number and size of the nuclei; (4) increase in connective 
tissue; and (5) average diameter of the muscle fibers of which 5200 were 
measured. In none of these morphological characteristics could any dis¬ 
tinction be seen by which one could recognize the sympathetically dener¬ 
vated fiber from its normal mate. As far as morphological expression 
goes, one must conclude, in spite of the contrary belief heretofore persistent, 
that their sympathetic innervation exerts no trophic control on the fibers of 
these skeletal muscles. 

In another type of experiment, Dr. Tower has done damage to the 
sovereignty of the trophic concept in still another quarter. The dorsal root 
ganglia were removed on one side in the lower cervical and upper thoracic 
region in a series of cats. The animals were watched for varying periods 
from four months to a year and tests made at intervals of the sensibility, 
motor activities and the trophic condition of skin and hair. At the expira¬ 
tion of that time the interosseous muscles of the fore-foot on the normal 
and operated side were compared histologically. It was found that no 
atrophic or dystrophic changes in the affected fore-limbs could be made out 
during life; nor did the subsequent microscopic study of the muscle tissue 
yield any significant difference between the operated and control material, 
or any evidence of atrophy or dystrophy. One must therefore conclude that 
the posterior roots play no essential role in maintaining the normal trophic 
state of skeletal muscle. Since we have seen above that the sympathetic 
nervous system likewise plays no role, there remains, as far as the nerves 
are concerned, only the motor innervation on which the responsibility for 
the trophic state of the muscles must rest. Thus Dr. Tower points out that 
as a neuromotor unit the function of muscle and its physical integrity go 
hand in hand. 

It may be pointed out here that Dr. 0. R. Langworthy and Dr. C. P. 
Richter have been able to show that the same cerebro-efferent pathways 
that influence somatic motor cells also control preganglionic sympathetic 
cells, a control which is predominantly an inhibitory one. Using the gal¬ 
vanic skin response as a measure of sweat-gland activity, they found that 
this activity could be obtained by faradic stimulation of the motor cortex 
region, floor of the third ventricle, cortico-spinal and rubro-spinal tracts 
(exposed by transverse section of brain), the vestibular nuclei, and finally 
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the posterior columns of the cervical cord and their nuclei. These investi¬ 
gators conclude that if there be higher centers for sympathetic control in 
tiie brain their influences must be exerted through the above-mentioned 
pathways. 

Basal Gan qua or the Tamandua Brain 

Judging from the present trend of thought, it is going to be possible some 
day to present the history of the brain in the form of a series of chapters 
on the individual evolution of its component anatomical units or systems, 
and this will be comparative anatomy at its best. When that is done the 
highest mammalian olfactory development is going to be found in such 
animals as the Ornithorhynchus, the opossum and in Tamandua. They are 
the ones that will be on the top branches of the olfactory evolutionary tree. 
The developmental history of other anatomical units will be represented by 
trees branched in other ways, and the whole evolutionary story, instead of 
being one great tree, is going to require something like a forest of trees. 

The work of Dr. Hines on the Ornithorhynchus was mentioned in the 
report of two years ago. During the past year a study of the Tamandua 
brain was completed by Dr. 0. C. Smith, who has been associated with the 
Department of Anatomy of the Johns Hopkins University. Her work was 
under the guidance of Dr. Ariens Kappers, of the Central Institute for 
Brain Research in Amsterdam, who placed his material and the hospitality 
of his laboratory freely at her disposal. Interest in Dr. Smith’s study will 
center around the amygdaloid complex and the large nucleus accumbens 
that mark brains of such high olfactory development. Her observations on 
the entopeduncular nucleus and the neostriatum will also attract interest 
to this brain, especially of the writer of this report, who for some years has 
in a small way been participating in a study of the opossum brain with 
Professor C. J. Herrick of the University of Chicago. 



DEPARTMENT OF GENETICS 1 

C. B. Davenport, Director 
GENERAL STATEMENT 

One of the commonest inquiries made of this Department is—What is 
the relative importance of heredity and of environment? The inquiry seems 
to assume that it is capable of a general answer and that attitude is not 
strange in view of the wide-spread misconception of the interrelation of 
these two factors. Most sociologists and many physicians are outspoken 
adherents of the philosophy that human beings are so nearly uniform in 
constitution that any differences are negligible in contrast with the power¬ 
ful influences for good or evil of training, of healthful living, or of infection 
by parasites. Many, on the other hand, are adherents of the fatalistic 
philosophy that “heredity" determines every detail of our physical or mental 
development, our longevity and the diseases from which we shall eventually 
die. 

The studies made at this Department have long shown the proper relation 
between these factors. Some studies made during the current year have 
shown that relation with a special clearness. 

Particularly illuminating we find the recently completed research on 
goiter. Goiter is often regarded as an inevitable consequence of condition 
of the drinking water, above all of insufficiency of iodine in it. Yet not 
every one in a region where goiter is endemic suffers enlargement of the 
thyroid gland. Even in the same fraternity of adults living in the same 
household, some will be affected; others unaffected; yet their relation to 
iodine is quite the same. Also, in any region of endemic goiter there is 
always at larger or smaller proportion of the whole adult population which 
is not affected. On the other hand, where iodine is abundant and water is 
pure, goitrous individuals are rarely found. If any such cases occur they 
are called “sporadic goiter." The relation between sporadic goiter and 
endemic goiter may be visualized as follows: Imagine the population of the 
country arranged in strata, ladderwise, those with the least effective thyroids 
at the bottom; with the most effective on top. Imagine a rising tide of 
noxious environment. The stratum at the bottom would be first submerged 
even by the low incidence of noxiousness. A small proportion of the popu¬ 
lation is affected; cases are sporadic because the noxiousness of the environ¬ 
ment is slight, and only the least effective thyroids are affected. As the 
noxiousness of the environment rises, a larger proportion of the population 
—even that with fairly efficient thyroids—is affected. Finally, when the 
incidence of noxiousness is great, there is a very large percentage of the 
population unable to meet the iodine insufficiency even by average func¬ 
tioning of the gland. Only the most efficient thyroids are unaffected. 
Goiter is then “endemic.” Thus a trait—goiter—is the result, not of genes 
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alone or of an absolutely unfavorable environment merely, but of a lack 
of harmonious adjustment or an insufficiency in the relationship of the two. 

The facts of the case seem to be these: In the efficiency of functioning 
of the thyroid gland there are all degrees, and in the noxiousness of the 
environment there are also all degrees. Goiter occurs in an individual when 
the environment is too noxious for his gland with its limit of efficiency. 

Again, a more complicated inter-relationship between environment and 
heredity is illustrated by our studies on inoculated leukemia in mice. Thus 
we have a group of inbred strains of mice which have been tested by a series 
of lines of inoculated leukemia. From the standpoint of the mouse, the 
inoculant may be considered a part of the environment. Using the inocu- 
lant from a given line, certain strains of mice survive and certain strains 
promptly die. Since the environmental factors are constant, the death or 
survival of the mouse depends upon genetic differences between the different 
strains of mice. Further, if the environment is changed by using a different 
line of inoculated leukemia, a strain of mice that was resistant may now 
be susceptible and vice versa. 

On the other hand, from the standpoint of the lines of inoculated leukemia, 
the mice may be considered the environment. If this environment is held 
constant, the different results given by different lines of inoculated leukemia 
indicate genetic differences between these lines. 

The result of inoculation, development of the fatal leukemia or survival, 
depends upon a relation between specific requirements on the part of the 
inoculant and specific qualities on the part of the host. Each controls the 
environment of the other and each is controlled genetically. 

In general, a deviation from some assumed standard development is due 
to a disturbance of the normal balance between internal factors due directly, 
or indirectly, to genes, on the one hand, and non-genetical conditions of 
development, on the other. 

STAFF 

The Director, in addition to administrative duties, with the aid of Miss 
J. I. Goodrich, secretary, has completed his study on goiter, and continued 
those on otosclerosis and on child development with the aid of Mr. W. 
Draeger and Mrs. A. G. Laanes. He has also served as chairman of the 
finance committee of the Sixth International Congress of Eugenics. Dr. A. F. 
Blakeslee, Assistant Director for the Station for Experimental Evolution, 
has continued his researches in Datura. He was given an honorary doc¬ 
tor’s degree at Wesleyap University, 1931, and served as president of the 
Society of American Naturalists. He was assisted by Dr. A. Dorothy 
Bergner, Miss S. Satin and Mr. M. R. Salmon. Dr. H. H. Laughlin, 
Assistant Director for the Eugenics Record Office, carried on the heavy 
correspondence of the Office, continued his researches on horse genetics 
under the Salmon Fund and his work, with the assistance of Miss Banta, 
on the racial stock of American inventors. He has served as officer of the 
Eugenics Research Association, American Eugenics Society (resigned) and 
the Third International Congress of Eugenics. Dr. Oscar Riddle continued 
his researches on endocrine states of Columbidse, cooperating with Dr. F. G. 
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Benedict of the Nutrition Laboratory on the investigation of endocrine 
strains of these pigeons. He served as the Vice-President of the Xllth 
International Zoological Congress at Padua and on the Board of Managers 
of the American Institute. 

Dr. C. W. Metz was in residence at Johns Hopkins University most of 
the year, and during the Spring was attached to the Department of Embry¬ 
ology of the Carnegie Institution. He continued his researches on sex in 
Sciara with the assistance of Dr. H. B. Smith, Miss L. Schmuck and Dr. 
A. M. DuBois, of Switzerland, who studied living spermocyte cells and 
embryology of Sciara. Dr. E. C. MacDowell continued his researches on 
dwarfness and leukemia in mice, in collaboration with Dr. P. E. Smith and 
Dr. M. N. Richter of the College of Physicians and Surgeons, Columbia 
University. He was assisted by Mr. T. Laanes, in charge of the mouse 
colony, and by Mrs. Elsa B. Corbett and Miss Ruth Winkley. 

Dr. M. Demerec has continued his researches on multi-mutating genes in 
Delphinium and Drosophila, with assistance of Mr. F. R. Raleigh and Miss 
Margaret Kaylor. He is very active in the organization of the Vlth Inter¬ 
national Congress of Genetics, especially its exhibit. Dr. M. Steggerda 
began his work with the Institution in July 1930. After some studies on 
the Shinnecock “Indians” of Long Island and a trip to Holland and Ger¬ 
many where he did some anthropometric work he, with Mrs. Steggerda, 
made studies on physical and mental traits of the Maya Indians at Yucatan, 
in collaboration with the Division of Historical Research. Dr. H. J. Banker 
has continued his studies on intellectual inheritance. 

Dr. A. M. Banta resigned from the Institution last October to become 
Research Professor at Brown University. Miss Thelma Wood resigned at 
the same time to carry on their joint researches on genetics of Cladocera. 
The Institution still continues the support of this work and Dr. Banta and 
Miss Wood work at the Department during the summer. 

Dr. Robert K. Nabours completed his year of cooperative work at this 
Department and subjected a number of his young locusts to X-rays to 
induce mutations. Dr. A. B. D. Fortuyn also completed his residence here 
returning in the autumn to Peiping. Such distinguished visiting investiga¬ 
tors have brought new methods of research and points of view to our group 
and have contributed to the mutual discussions of current researches going 
on here. 

We have been happy to afford the facilities of our breeding grounds to 
Professor E. W. Sinnott of Barnard College, for the breeding of hybrid 
squashes; and during the summer of 1931, Messrs. Paul Chesley, and Ralph 
Kammenoff, graduate students of Professor L. C. Dunn of Columbia Uni¬ 
versity, have carried on their researches on the development of mutant 
characters in the tails of mice. 

The Eugenics Archives have been cared for by Mrs. Alice Gould Laanes 
with the assistance of Miss Margaret Martin. The Statistical room has 
continued under the charge of Miss Catherine Carley, with valuable assist¬ 
ance in the summer of 1930 from Mr. M. P. Ekas. The histology and art 
service has been efficiently performed by Miss Margaret Chambers. The 
library is in the care of Miss Miriam North. Miss Mabel Earle has con¬ 
tinued to furnish library references and bibliography. 
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DETAILED REPORTS ON CURRENT INVESTIGATIONS 
STUDIES ON THE MECHANISM OF HEREDITY 

The thoughtful person can never cease to admire the wonderful way in 
which the world of natural objects is reproduced generation after genera¬ 
tion. We wonder, on the one hand, at the great diversity of species; on the 
other, at the marvelous precision with which each species is reproduced. 
We marvel, also, at the wonderful fitness of organisms to the world in which 
they develop and, in turn, reproduce. 

It is for the geneticist to give a scientific explanation of these phenomena, 
to bring under general laws the isolated facts of development, of diversity, 
of fitness. 

The first great advance in the scientific explanation of these phenomena 
was the tracing of the development of the individual by embryologists. The 
next was the discovery of the mechanism by which the internal factors that 
control development do their work. It is because the germ plasm—the 
chromosomes and their constituent genes—shows a continuity that the 
species reproduces itself. It is the failure of the former germ plasm to 
continue to reproduce itself in the same old way that is responsible for 
genetic variation or mutation. Yet just that failure is regular; and the 
laws determining it are the subject of our investigation. 

BEHAVIOR OP CHROMOSOMES AND GENES IN DATURA 

Induction or Genic and Chromosomal Mutations bt Irradiation 

Buchholz, working with Blakeslee, has continued the irradiation experi¬ 
ments on the pollen of Datura. Mature pollen is treated with radium and 
then used in pollinating normal plants. Blakeslee reports on this experi¬ 
ment as follows: 

“Of the 447 plants which resulted from the fertilization of the eggs of a 
normal female by treated pollen, over half were abnormal in appearance. 
Of these obviously abnormal plants, over %o showed chromosomal modifi¬ 
cations or definite proportions of aborted pollen grains. Of the plants 
recorded as normal in appearance, nearly % showed modified chromosomes 
or more than a normal proportion of aborted pollen. Of 329 plants ex¬ 
amined cytologically, 127 showed a total of 137 unusual configurations. In 
some cases more than a single abnormal configuration was found in a single 
plant. The abnormalities included 51 circles of 4 or 6 attached chromo¬ 
somes, apparently brought about by segmental interchange; 43 cases of a 
chain of 4 or more chromosomes, presumably the result of simple trans¬ 
locations; and 43 other chromosomal abnormalities including deficiencies 
and extra chromosomes. ' 

“This l$sf winter we had F 2 ’s and during the present summer (1931) we 
have under cultivation F 2 ’s and F*’s from radium-treated pollen. We al¬ 
ready have a considerable number of types rendered homozygous for inter¬ 
changed and translocated chromosomes and have discovered in this material 
a number of new genes for visible characters and for pollen abortion. 

“Of special interest is the fact that most of the abnormalities in morpho¬ 
logical appearance and in poSlen abortion, as well as many of the chromo¬ 
somal abnormalities, were not, transmitted to the second generation. These 
abnormalities were brought into the F x plants through the treated pollen, 
but could not get out of the F. t plants either through the pollen or the egg 
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cells. A possible explanation lies in the structure of the mature pollen 
grains. At time of treatment, a pollen grain contains a pollen-tube nucleus, 
which is believed to control the activity of the pollen-tube growth, and a 
generative nucleus, which later, during the growth of the tube, divides into 
two sperm nuclei. It is probable that all the pollen grains in which the 
tube nucleus is injured, let us say by a chromosomal deficiency, will be 
incapable of functioning; but that a similarly affected generative nucleus, 
if accompanied by an uninjured tube nucleus, will be capable of fertilising 
a normal egg and thus producing an abnormal zygote. In the pollen pro¬ 
duced by the F t zygote, however, the deficiency will involve the tube as 
well as the sperm nuclei and, with a defective tube nucleus, growth of the 
pollen tube would be impossible. The results indicate that sperm lethals 
are lacking. Perhaps, in all cases, we should speak of gametophytic, rather 
than of gamete lethals in plants. Such terminology would suggest a simi¬ 
larity with animals in which gamete lethals are not known to occur.” 

The treatment of seeds by the x-ray continues to be a fruitful source of 
chromosomal modifications and especially of gene mutations. The latter 
are being purified. 


New Methods of Determining Loci 

The question has arisen of the location of these mutated genes in the 
chromosomes to which they respectively belong. To determine the locus 
the usual method employed hitherto has been that of linkage in disomic 
inheritance between genes taken in pairs. 

In Datura, Blakeslee and his associates have worked out a new technique 
which is based upon the following considerations: 

“(1) All the 12 primary (2n + l) types, when heterozygous for a given 
gene, throw disomic ratios in their offspring except the type whose extra 
chromosome carries the locus for this gene. This latter primary throws 
trisomic ratios. By trisomic ratios from (2n + 2/2) secondary types, from 
(2n-f-l) tertiary types with a compound chromosome extra, and from extra 
fragment types, genes may be located in particular parts of chromosomes. 

“ (2) Compensating types, in which parts of two chromosomes compensate 
to form the equivalent in genic content of a whole chromosome, if heterozy¬ 
gous for a gene with its locus in the compensated chromosome, will breed 
true for this gene among its 2n offspring, except for crossing-over. 

“(3) Types with a translocated fragment, which enables the plants 
affected to be recognized by external characters, if heterozygous for a gene 
with its locus in the chromosome to which the fragment is translocated, will 
breed true for this gene among its 2n offspring, except for crossing-over. 

“ (4) Prime types, if they induce a definite proportion of aborted pollen 
in the heterozygous condition, may be used to locate genes by ratios of 
individuals in the offspring with good pollen to those with characteristic 
percentages of aborted pollen. This method locates the gene in one of two 
chromosomes if the prime type has two chromosomes modified. 

"(5) If a plant, heterozygous for a gene which causes abortion of hcdf 
the pollen grains but which does not affect the vitality of the egg cells; is 
rendered heterozygous for a non-lethal gene, all the offspring from the male 
back-cross will be homozygous for the gene, except for crossing-over. 

“In the usual method of locating genes by linkage, the crossing-over values 
are determined by the interaction of two genes with loci in the same chromo¬ 
some. By the methods (1), (2), (3) and (4) here given, the crossing-over 
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of a given gene can be determined without regard to the behavior of a 
second gene. 


Prime Types 

“ ‘Prime types’ are races which are homozygous for interchanged, or 
translocated, chromosomes. They have been obtained from radiation treat¬ 
ment, from wild races of Datura stramonium and from species hybrids. 
They form valuable chromosomal testers, and are sources for 2n+l tertiary 
types and for compensating chromosomal types. We now have 17 prime 
types for which the modified chromosomes have been determined and 2 for 
which part of the modified chromosomes have been determined. Among 
these 19 prime types we have chromosomal testers for all the 12 chromo¬ 
somes except one. It is probable that a prime type tester for the 12th 
chromosome will be discovered within the year. In addition to prime types 
in which the modified chromosomes are known, we haVe 25 which from 
indirect evidence are believed to be prime types. The modified chromo¬ 
somes of these latter are being determined. The above may be classified 
according to configurations which they induce in hybrids with our Stand¬ 
ard Line 1. Twenty-three induce a circle of four chromosomes; 2, a circle 
of 6; 12, a chain of 4 (translocation); 2, a chain of 6; and 3, a figure of 8. 
In addition to homozygous prime types, we have had around 100 in the 
heterozygous condition. A large proportion of these it should be possible 
to make homozygous. 

“Some prime types induce a definite proportion of aborted pollen when 
heterozygous. Some are linked with genes for visible characters. Of the 
latter the recessive ‘zigzag’ forms a valuable tester. Zigzag is a prime type 
(with a gene that causes zigzag growth of the stem, located in one of the 
modified chromosomes) brought about by an interchange between the Ck 
(11-12) and the lx (23-24) chromosomes. All zigzag plants examined have 
had 12 bivalent chromosomes and good pollen while all plants heterozygous 
for zigzag have 50 per cent aborted pollen and show a circle of 4 chromo¬ 
somes involving Ck and lx. Zigzag, therefore, is a useful tester for genes 
in the Ck or lx chromosomes. In some ways perhaps even more useful will 
be a type under investigation which not only has 50 per cent aborted pollen 
when heterozygous but also has its heterozygotes identifiable by the appear¬ 
ance of the plants. 

“Prime types form valuable chromosomal testers, and are sources for 
tertiary (2n-f-l) types and for compensating chromosomal types. 

Compensating Types 

“The past year has added to our knowledge and use of compensating types 
which were described in last year’s report. We now have 13 compensating 
types for which the chromosomal constitution has been determined. They 
furnish a compensating type for 6, or half of the 12 chromosomes. As 
more prime types are determined, it should be possible ultimately to build 
up compensating types for all of the 12 chromosomes. 

“We have two types, each of which compensates at the same time for two 
different chromosomes. One of these has the following formula: 11-12— 
12-11—11-13—13-14—14-13—18-17—17. (Compensating chromosomes are 
italicized and excess material is in bold faced type.) The 17 fragment 
compensates with the 18 part of the 14-18 chromosome to make the equiv¬ 
alent of a 17-18. chromosome. Similarly the 13-14 chromosome is com¬ 
pensated and there is left over the 11 portion to bring about the peculiar 
appearance of this type. 
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“In compensating types we may have a method of getting the equivalent 
of pure breeding 2n + 2/2 secondary types. By making the appropriate 
crosses we have obtained a plant with the following constitution: 9*10—10*9 
—••1—1*2—0*11*3.2—12T1. The translocated 2 fragment compensates 
with the 1 part of the 1*9 chromosome to make the equivalent of a 1*2 
chromosome, leaving the 9 portion as excess material. This plant has the 
appearance that would be expected of an individual with one 9 half rather 
than two 9 halves extra which are found in the corresponding 2n+2/2 
secondary. We have another somewhat similar type with the equivalent 
of a single half chromosome extra. Its chromosomes have the following 
formula: 1— 1*2—0*5—5*6—6*5. If the excess material in these two cases 
can be carried through the pollen it should be possible to build up from 
them homozygous types which would resemble secondaries in appearance. 
If the attempt to secure pure breeding races from the two types mentioned 
is not successful, they almost certainly can be secured from combinations 
with some of the prime types which we have in our collection.” 

Behavior op Chromosomes in Species Hybrids 

On this topic Blakeslee reports as follows: 

“We have the following species of Datura under cultivation. 

“I. Stramonium Group: 

(1) D. stramonium (our standard species). 

(2) D.ferox. 

(3) D. quercifolia. 

“II. Meteloides Group: 

(4) D. leichardtii. 

(5) D. meteloides. 

(6) D. innoxia. 

(7) D.pruinosa. 

(8) D. discolor. 

(9) D.metel (several horticultural varieties). 

“III. (10) D. ceratocaula. 

“IV. Brugmansia Group (Tree Daturas). 

“With the exception of some of the Brugmansia group, which some taxono- 
mists believe is too distantly related to the other groups to be included 
among the Daturas, we have in our collection all the recognized species of 
Datura. 

“D. stramonium is our standard species, and within this species our Line 
1 is standard. In terms of this highly inbred race there have been found 5 
chromosomal types in nature which differ from each other by interchanged 
chromosomes, as pointed out in previous reports. Since we have tested 
about 550 different races from widely separate parts of the world by crossing 
them with Line 1, we are bringing to a close this phase of the study of 
intra-specific chromosomal evolution in the species D. stramonium. We 
have begun a similar study of other species of Datura , of which we have a 
considerable collection of material from different parts of the world, to 
discover if in these there may be found cryptic chromosomal types such as 
exist in D. stramonium. 

“Having learned the intra-specific changes in chromosome evolution, we 
are in position to study the inter-specific chromosomal differences by similar 
methods of relating the changes to a single standard, Line 1 of D. stramon- 
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rum. Considerable progress has been made in this study within the Stra¬ 
monium group. 

“A standard line of D. quercifolia, when crossed with Line 1 of D. stra¬ 
monium, produced an Fi with 3 configurations of 4 attached chromosomes. 
Dr. Bergner has been able to identify two of these configurations as equiv¬ 
alent to those produced by the ‘B’ and the Peruvian cryptic types of D. 
stramonium. The third configuration contains chromosomes formed by 
segmental interchange between the Sp (19-20) chromosome and a chromo¬ 
some not yet identified. The standard chosen of D. quercifolia, therefore, 
has 6, or half its chromosomes, different from those of Line 1 of D. stra¬ 
monium. The standard chosen of D. ferox gives a single configuration of 
4 chromosomes in hybrids with D. quercijolia. The two species differ, 
therefore, in end arrangements of two chromosomes. Dr. Bergner has deter¬ 
mined these to be the Sp (19-20) and the Rd (15-16) chromosomes. D. 
jerox and D. stramonium differ from each other by end arrangements of 7 
chromosomes. 

“We have now in the field the third back-crosses to Line 1 of the hybrids 
between D. stramonium and both D. quercifolia and D. ferox. By micro¬ 
scopic examination of offspring we have been able to retain the different 
configurations as the hybrids were rendered more and more like D. stra¬ 
monium. In this process we have been assisted by the fact that the con¬ 
figurations are associated with definite proportions of aborted pollen. We 
have also made use of compensating types to automatically retain modified 
chromosomes while rendering the plants homozygous and like Line 1 for all 
the other chromosomes. The method was explained in our last report. We 
should soon have a series of homozygous prime types established from 
these two species which will be like Line 1 except for the different modified 
chromosomes. 

“When we have a compensating type for each chromosome, we shall be in 
a position to study the effects of each chromosome of a foreign species in 
terms of the chromosomes of our standard Line 1. The species to be tested 
will be crossed on to each of the 12 compensating types. All the 2n off¬ 
spring from selfing a given F x compensating type will be homozygous for 
the foreign compensated chromosome although they will segregate for the 
other 11 chromosomes. The other foreign chromosomes may be eliminated 
by male back-crossing the heterozygous compensating type to a LI com- 

E ensating type. At different stages in this process of purification, the 
eterozygous compensating type may be selfed with the assurance that all 
the 2n offspring will be homozygous for the particular foreign chromosome 
under investigation. The effects of crossing-over of genes will be most 
marked in the later generations. If the foreign species has 2 chromosomes 
modified by segmental interchange, then the method with compensating 
types will retain the two modified chromosomes together in the process of 
purification. In such caseSs the modified chromosomes may be obtained as 
extras in (2n —|-1) types. This new method of studying species differences 
is applicable only when the species crosses readily with D. stramonium. 

“As yet it has not been possible to obtain hybrids between D. stramonium 
and members of the meteloides group, except with D. leichardtii and with 
this species only when it is used as a female. The other members of the 
meteloides group which hybridize with D. leichardtii may be analyzed indi¬ 
rectly in terms of the chromosomes of D. stramonium; an example of the 
method may be taken from D. innoxia. This species, when hybridized with 
D. leichardtii, gives a circle of 8 and 2 circles of 4. By continued back- 
crossing to D. leichardtii a set of prime types may be established in which 
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most of the chromosomes are those of leichardtii. These prime types may 
then be analysed in terms of Line 1 stramonium. Leichardtii and stra¬ 
monium, however, cross with great difficulty so we are making up a D. 
leichardtii which will have all its chromosomes with ends like those in Line 1 
stramonium. Line 1 stramonium and leichardtii differ by four interchanged 
chromosomes, two of which are ‘B’ chromosomes. We now have in the field 
the second back-crosses of this hybrid. 

“The leichardtii-stramonium hybrid affords an interesting illustration of 
the interaction of genes of different species. The stramonium parent of 
this cross was an albino, a recessive type which can live only when grafted 
on to a normal green stock. The hybrid, when selfed, produced, in addition 
to albinos which dipd as seedlings, some pale plants which have grown to 
adults. Apparently the leichardtii chromosomes contain genes which inter¬ 
act with the albino genes from stramonium to give viability to the plants 
affected.” 


MUTATIONS 

GROUSE LOCUSTS 

Professor Robert K. Nabours of the Kansas State Agricultural College, 
who spent the year 1929-30 at this laboratory, while here submitted to 
x-rays 128 males and 16 females of Apotettix eurycephalus Hancock and 6 
males and 1 female of Paratettix texanus Han. Between 2000 and 8000 
r-units were employed at times when the locusts appeared about ready to 
mate. At the same time 7 pairs were mated as controls. 

From 1 treated male came 5 offspring, one strikingly unique which died 
during his third instar. From 11 offspring of the x-rayed parents progeny 
were obtained. From one x-rayed male were derived progeny, some of 
which showed that 3 linked factors, 0,T,G, had been translocated together, 
into an entirely different linkage group, or pair, of chromosomes. This 
translocation has not changed the hybrid dominant color pattern. There 
was no mutual, or reciprocal, exchange of the parts of the chromosome 
involved but merely an addition of these 3 factors to a chromosome to 
which they previously did not belong. 

MUTATIONS OF GENES IN DELPHINIUM 

The larkspur, Delphinium, often shows a remarkable variegation in the 
coloration of its petals. We have here to do with a pattern, variable it iB 
true, but showing characteristic differences in various strains. The color 
of the wild type is purple. Various mutants in color have arisen, giving 
rise to rose, lilac and white. But in the development of the petal-pigmenta¬ 
tion in the rose mutant type it sometimes happens that the gene responsible 
for the pigmentation undergoes a mutation—so-called somatic mutation— 
toward the wild type of coloration. Such a gene is said to be unstable. 

During the year Demerec has made a special effort to detect various 
changes occurring in the unstable gene that determines the rose flower 
colors. He has found that unstable rose changes (a) into a rose that 
appears to be stable, (b) into a stable wild type, and (c) into unstable 
rose allelomorphs having different degrees of instability. An attempt is 
now being made to determine the frequency with which changes occur in 
each of these three directions. 
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MUTATION IN SOMATIC DEVELOPMENT OP DROSOPHILA 

The experiments with Datura have revealed extraordinary behaviors of 
chromosomes in the pollen mother cells, preliminary to the formation of 
the pollen with its gametic nuclei. But mutation, whether of chromosomes 
or genes, may occur at any stage of development, including those of the 
early or late somatic stages. 

Exactly comparable results have been found by Demerec in the fly, 
Drosophila virilis. Here a trait called “unstable-miniature 3” has proved 
to be of especial interest. As has been shown in previous reports, the 
unstable miniature frequently reverts to its wild-type allelomorph (normal 
wing). Demerec reports: 

“Reversions occurring in somatic cells produce mosaic individuals (i.e., 
with a mixture of wild-type and mutant characters) and reVersions occurring 
in the germ cells produce wild-type flies. Three unstable miniature-3 
allelomorphs are known at present, viz, miniature-3-alpha which is unstable 
both in the germinal and the somatic tissues; miniature-3-gamma which is 
unstable in somatic tissues only and miniature-3-beta which does not revert 
into the wild type but changes with a low frequency into the unstable alpha 
and gamma forms. 

“Period in the ontogeny at which miniature-3 is unstable —It is known 
that in Drosophila the germinal tissue separates from the somatic tissue 
after eight nuclear divisions, and also that the two wings of a fly develop 
from two imaginal buds which may be very distantly related and may have 
a common cell lineage located as far back as early cleavage divisions. The 
knowledge of those two facts makes it possible to determine the period in 
ontogeny at which miniature-3 is unstable. The instability of the gene 
during the first eight nuclear divisions would result in the appearance of 
mosaics with one wing of the wild type and the other wing miniature and 
would also produce wild-type germ cells. Since no such mosaics were 
observed among many thousand of miniature-3-alpha and miniature-3- 
gamma mosaics which were examined, the conclusion could be drawn that 
both alpha and gamma genes are stable during the first eight nuclear divi¬ 
sions. Absence of germinal reversions in case of miniature-gamma is an 
additional evidence for the stability of the gamma gene during that early 
stage in the development of the fly. Miniature-3 gene, therefore, becomes 
unstable after somatic and germinal nuclei are differentiated, miniature-3- 
alpha being unstable both in the germinal and somatic tissues and minia- 
ture-3-gamma in the somatic tissues only. 

“Effect of modifiers on miniature-8-alpha —Genes called S-l, s-2 and 8-3 
increase somatic instability of miniature-3-gamma. In the gamma line 
without these genes 3 to .5 per cent mosaic individuals are produced, and 
with any one of these three genes present all flies are mosaics. Gene M, 
which increases germinal instability of miniature-3-alpha, does not have 
any effect on the somatic instability of the gamma gene. 

“The above mentioned observations indicated that S and M genes exert 
a specific effect on the unstable miniature. This has been confirmed by 
experiments conducted with miniature-3-alpha which are summarized in 
table 1. The data in this table indicate that S-l stimulates the instability 
of the gene in somatic cells only. When both M and S-l genes are present 
together miniature^alpha gene is highly unstable in both germ cells and in 
the somatic cells. 
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“It has been found that the s-2 gene, which is known as a recessive 
modifier of the instability of the gamma gene, affects also the instability of 
the alpha gene. In this case also s-2 acts as a recessive factor and increases 
somatic instability but does not affect the germinal instability of the alpha 
gene. 

“Changes from one unstable allelomorph into the other —Unstable minia- 
ture-3 changes in two directions: (a) It reverts into the wild type and (b) it 
changes from an allelomorph having one rate of instability into an allelo¬ 
morph having another rate of instability (alpha, beta and gamin a allelo¬ 
morphs). Experiments were conducted to determine the frequency with 
which changes of the (b) type occur in the case of each of the three 
allelomorphs. 

“It has been found that changes from one allelomorph into another in the 
case of alpha occur with high frequency. Among 76 genes tested, one 
change to gamma and one change to beta was observed which would indi¬ 
cate a frequency of 22.5 per 1000. In case of beta and gamma, however, the 
rate of the change was so low that an indirect way of determination was 
found to be more feasible than the direct one. In these cases lines were 
propagated by random mass matings and after a number of generations the 
frequency of changed and unchanged gametes in the population was deter¬ 
mined. The rate of the change was calculated from the formula C=1 — 
(1 — r) n where C=number of changed gametes in per cent; r=rate of the 
change in per cent and n=number of generations. Beta line was tested 
after 16 generations of mass mating and one gamma gene was found among 
276 genes tested, indicating a rate of change of 0.17 per 1000. In the gamma 
line after 18 generations of inbreeding 11 alpha genes were found among 
190 genes tested, indicating a rate of change of 3.3 per 1000. 

“Results of these experiments indicate that as far as changes from one 
allelomorph into another are concerned the alpha gene is the most unstable 
of the three changing with a frequency higher than 1 per cent; gamma 
gene follows alpha with a frequency lower than 1 per cent but higher than 
one per thousand, and the beta gene is the most stable, changing with a 
rate of less than one per thousand. 

“A modifier was found which increased the rate of the change of gamma. 
That modifier is the s-2 gene which also increases the rate of somatic 
instability of alpha and gamma. In an experiment where homozygous 
s-2, together with gamma, was present out of 96 genes tested at least 9 
were alpha, which is equivalent to a rate of change from gamma to alpha 
of over 9 per cent. 

“Unstable miniature-5—A new miniature wing mutant has been found by 
Raleigh and since it happened to be the fifth miniature found in virilis it 
has been called miniature-5. Experiments indicate that this miniature also 
is determined by an unstable gene which reverts to wild type both in germ 
cells and in the somatic cells. Homozygous miniature-5 parents are giving 
wild type, mosaic and miniature offspring. Experiments to compare the 
behavior of miniature-5 with the known behavior of miniature-3 are in 
progress. 

“That miniature-5 originated as a new mutant rather than through con¬ 
tamination of the culture with miniature-3 is indicated by the fact that the 
character was detected as a single miniature male found among the off¬ 
spring of a pair mating. That male was garnet-rounded as would be 
expected if it originated in the culture where it was found, but it could not 
be expeoted if it came as contamination from miniature-3. 
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“Location of the spindle-fiber attachment for the X-chromosome —It has 
been shown by Bridges and Anderson that the percentage of equational 
non-disjunctions in case of Drosophila melanogaster becomes lower as a 
character is located closer to the end of the chromosome to which spindle- 
fiber is attached. An attempt was made to use that method to determine 
the spindle-fiber attachment end of the X-chromosome of D. virilis. In case 
of D. virilis, however, it has been found (table 2) that the percentage of 
equational non-disjunctions is highest in the miniature region and that it 
decreases toward both ends of the chromosome. As a working hypothesis 
it is assumed that the decrease toward the beaded end of the chromosome 
is due to spindle-fiber attachment and the decrease toward the sepia end is 
due to double crossing-over.” 


Table 1 — Data showing effect of modifiers on miniature-alpha gene 


Genetio constitution 

Wild type 

Offspring 

Mosaic 

i 

Minia¬ 

ture 

Per cent 

Wild type 

Mosaic 

Miniature-alpha. 

243 

230 

2579 

8 

8.2 

Miniature-alpha S-l. 

102 

770 

.... 

11.7 

100. 

Miniature-alpha S-l-M. 

131 

190 

.... 

40.8 

100. 


Table 2 —Data on primary non-disjunctional females 


Character 

Locus 

Non-disjunctions 

Percentage 

of 

Equationals 

Total 

Equational 

Sepia. 

0.2 

23 

3 

mm 

Vermilion. 

24. 

23 

7 


Miniature. 

60. 

23 

9 


Small bristles- 

106. 

23 

7 

30.43 

Apricot. 

145. 

14 

3 

21.42 

Beaded. 

169 

14 

2 

14.28 


MUTATIONS IN CLADOCBRA 

In this group reproduction is largely by diploid parthenogenesis. All the 
descendants of a given individual may be expected to be genetically iden¬ 
tical, except as mutations occur; and these latter are prevailingly physiolog¬ 
ical and recessive. 

Accumulation of recessive mutations during parthenogenesis —As reported 
earlier, Banta’s studies on inheritance in sexual reproduction both by 
inbreeding and by crossbreeding of clones reveal effects explicable only as 
due to recessive mutations, often lethal or semilethal, which in the hetero¬ 
zygous condition permit the strain to survive but are revealed when rendered 
homozygous by sexual reproduction. He has developed the hypothesis that 
such mutations accumulate during long-continued parthenogenesis. 

To test this hypothesis Banta is carrying along 4 clones and testing them 
periodically, by-inbreeding, for mutations. So far the results invariably 
indicate that more and more mutations are to be discovered in the clone 
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the greater the number of antecedent parthenogenetic generations. The 
rate of accumulation of mutations during parthenogenesis is different in 
the various clones of Daphnia longispina. Banta reports further: 

“One of the most interesting and most useful clones of Cladocera among 
our stocks is Line 1012, a clone of Moina macrocopa which we have had as 
a pedigreed culture since 1915. It has to date descended 1090 partheno¬ 
genetic generations in the laboratory. It is upon this clone that the exten¬ 
sive sex studies of Brown and Banta and, later of Stuart and Banta and 
others, have been made. No morphological mutations have been recognised 
in this species. We have another clone of this species taken into laboratory 
culture from Providence, Rhode Island, last September. 

“If Moina macrocopa is subject to mutation in a manner similar to 
Daphnia longispina the fact should be revealed by inbreeding Line 1012 
in sexual reproduction. 

_ “Line 1012 inbred (after more than a thousand parthenogenetic genera¬ 
tions) produced an abundance of sexual eggs, about 78 per cent of which 
hatched. Some of these hatched individuals died early. About 70 per cent 
of those which hatched were fertile. Their variability in productivity was 
much greater than among the parthenogenetic young of the parent clone. 
Similar inbreeding of the Providence line (previously parthenogenetic for 
only 42 generations) of the same species gave 10 per cent better hatches 
and 12 per cent higher fertility of the hatched young. The productivity of 
the latter was less variable than that of the sexually produced young of 
Line 1012. 

“These facts constitute evidence that mutations of the type seen in 
Daphnia longispina have occurred also in Moina macrocopa, although they 
are in very much smaller numbers than in the Daphnia clones tested.” 

Breeding of the “dwarfs” and the “slow developers” —These lines, derived 
by sexual breeding in long parthenogenetic strains, are being continued for 
analytical genetical study. While the clones are not vigorous, Miss Wood 
has obtained and is now securing hatches from 159 fertilized eggs. 

BEHAVIOR OP CHROMOSOMES IN RELATION TO SEX 

SCIARA 

Further research by Metz and his associates on Sciara, in certain strains 
of which mothers produce only offspring of the same sex while other mothers 
produce young of both sexes, has yielded a remarkable cytological result. 
It will be recalled that the sperms contain two large sex-limited chromo¬ 
somes that are not found in follicle cells of the ovary and—it was assumed— 
not in ripe eggs. It now appears that the assumption was erroneous. The 
follicle cells are somatic cells. The egg mother cells have the large “sex- 
limited” chromosomes that the sperm mother cells have. The somatic 
cells have 8 chromosomes in the female and 7 in the male. The contrast 
found formerly was due to comparing germ line (10-chromosome) cells 
with s oma tic cells (having 8 chromosomes, or 7 in males) and it is not, as 
thought, a sex difference. In both sexes the “limited” chromosomes are 
restricted to the germ line. 

Metz calls attention to the fact that Sciara appears to be one of the 
extremely rare instances that show a difference between chromosomes of 
somatic and germinal tissue. This elimination of entire chromosomes from 
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tiie somatic cells is not, says Metz, to- be interpreted as merely discarding 
of waste, or useless, chromatin. 

The special results of the year in so far as concerns sex determination 
in Sciara are given by Metz in the following paragraphs: 

“Completely selective fertilization, in which the eggs of certain females 
are fertilized only by ‘male-determining’ sperms and those of other females 
only by “female-determining” sperms, when both types of sperms are 
present, requires a degree and kind of selectivity exceedingly difficult to 
comprehend from anything we know about fertilization in general, yet such 
a process seems to occur in Sciara, unless the alternative condition con¬ 
sidered in the next paragraph exists here. 

“In insects, so far as known, and generally in other animals, the mech¬ 
anism of sex determination involves a pair of sex chromosomes, the two 
members of which are alike (‘XX’) in one sex and different (‘XY’) or one 
member absent (‘XO’) in the other, so that one sex (usually the male) 
produces two types of gametes, one of which is male-determining and the 
other female-determining (Y-bearing and X-bearing, respectively). It has 
become generally recognized, therefore, that sex is ‘determined’ at fertiliza¬ 
tion by the type of sperm (in the usual case) fertilizing the egg. In Sciara 
the evidence seems to require the assumption that unless the selective 
fertilization mentioned above occurs, the sex chromosomes of the two sexes 
are basically alike, that the sperms are alike in sex chromosome content 
(all X-bearing) and that sex is not determined at fertilization, but is deter¬ 
mined during the cleavage divisions, early in development, by the type of 
chromosome elimination which occurs at the time certain chromosomes are 
eliminated from somatic nuclei. On this hypothesis it is necessary to 
assume that the paternal sex chromosome is eliminated from somatic nuclei 
in embryos which are to become males and retained in somatic nuclei of 
those destined to become females. Sex would thus ultimately be deter¬ 
mined by the chromosome constitution of the soma of the individual, 
regardless of the constitution of the germ cells. Furthermore, the type of 
process would be predetermined by the constitution of the mother producing 
the eggs (since unisexual families are produced).” 

Metz summarizes the following additional peculiarities of Sciara as 
already reported; 

1. Following the ordinary rules of Mendelian inheritance there is random 
segregation of homologous chromosomes at maturation of the germ cells. 
In Sciara, on the contrary, the evidence indicates that homologous chromo¬ 
somes do not segregate at random at maturation. Instead, the maternal 
members segregate selectively from the paternal and pass together into one 
gamete. Correspondingly the male, so far as our tests go, transmits only the 
chromosomes (and the inherited characteristics) received from his mother. 

2. While synapsis ordinarily precedes segregation of chromosomes, in 
Sciara there appears to be no synapsis. Nevertheless segregation is effected 
and is highly selective. 

3. The bipolar mitotic figure is usually regarded as essential to ordinary 
nuclear division. But in Sciara the mitotic figure is not bipolar but is 
essentially unipolar (monocentric) and all the “spindle fibers” which extend 
to the chromosomes emanate from this pole. There is no equatorial orienta¬ 
tion, yet the chromosomes move apart. 
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Also, instead of moving toward the pole from which the fiber extends, 
in Sciara chromosomes of paternal origin pass from the pole along the 
spindle fibers. 

Finally, in ordinary mitosis, each chromosome becomes oriented and 
divides so that the two daughter halves go to opposite poles of the spindle. 
However, in the second spermatocyte division of Sciara (not the first 
spermatocyte considered above) although a metaphase plate and a bipolar 
spindle are formed, one chromosome behaves in such a way that the two 
halves regularly pass to one pole and remain there, becoming incorporated 
into one daughter cell (spermatid). The consequences of this chromosomal 
division have not yet been traced by breeding experiments. 

CLADOCERA 

The Cladocera with which Banta has been working ordinarily pass 
through several generations parthenogenetically. Males are produced 
under certain conditions in nature. Banta has for years sought to find the 
condition, or conditions, that lead to male production. Crowding does it, 
but it is highly probable that the real cause is a chromosomal change 
induced, through some intermediary agent, by the crowding. Banta and 
Brown have found certain chemical agents and cold to act as such an agent. 
It is possible that they are only one link in a chain of causes. Another 
link, or another independent cause, has recently been discovered. 

Quantitt of Food 

As reported last year, Dr. C. A. Stuart of Brown University, in collabora¬ 
tion with Banta, finds scarcity of (bacterial) food a factor in the causation 
of males. To determine whether quantity of food is the differential factor' 
in male production in experiments with crowding, Dr. L. A. Brown investi¬ 
gated the relation between quantity of bacteria available as food for the 
Cladocera and the sex of the young bom of such crowded mothers. In 
one type of experiment 1, 2, 4, 6 and 8 mothers (sisters) were reared (at 
22° to 25° C.) in 25 ml. quantities of different concentrations of the manure 
infusion culture medium. The number of bacteria were counted both at 
the set-up of the experiments when the young females were introduced and 
at approximately the critical period at which sex is fixed. The percentage 
of male young produced increased with the crowding of the mothers, except 
that with the 8 mothers per 25 ml. the male percentage was somewhat 
reduced. On the other hand, there appeared no significant relationship 
between the density of bacteria in the medium and the percentage of males 
produced. Banta reports as follows upon the experiments conducted at 
Brown University: 

“Experiments with the same quantities of food (bacteria), but in different 
volumes of medium (bacterized filtrate), upon the male production by 
sister Moina yielded results of interest. By this set-up it was designed to 
have equal amounts of food in a wide range of different volumes of medium 
in order that the total quantities of available food would be the same in 
each of the different volumes, but to have the concentration of the excre¬ 
tory products of the animals vary in the different volumes. The con¬ 
tainers for the different volumes of medium were chosen for their similarity 
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of form—so that the relative surface exposure of the different volumes of 
medium would be as nearly comparable as possible. Sister young Moina 
were reared in equal numbers in each of these different volumes of medium, 
75, 50, 20,10, 7.5, 5 and 2.5 milliliters. Each volume of medium contained 
the eame total quantity of bacteria (as nearly as could be obtained). The 
average percentages (13 series of experiments) of male young produced 
were as follows: 


Volumes of 
medium in ml. 

75 

50 

30 

20 

10 

7.5 

5 

2.5 

p, ct. cT’s. 

14.2 

27.7 

29.4 

37.1 

45.8 

57.5 

57.9 

61.3 



The results show a fairly uniform gradient with 'an increasingly higher 
male percentage in the smaller volumes. Three possibilities occur to mind 
as possible explanations of this result. (1) The animals in the larger 
volumes of medium are living in a very dilute suspension of their food 
organisms. Possibly in the most dilute suspension their feeding involves a 
much increased activity which, in turn, might conceivably affect the sex of 
their offspring. (2) The filtrate used, while presumably capable of pro¬ 
ducing very little multiplication of the bacteria, might actually have per¬ 
mitted appreciable increase in numbers of the food organisms. (This pos¬ 
sibility is not favored by the few bacterial counts made, although an insuffi¬ 
cient number of such counts have been made as yet.) (3) The gradient 
of male percentages may be due to a similar gradient in density of the 
excretory products of the Moina. This is the interpretation which the 
evidence apparently supports. In neither of the two types of experiments 
just referred to does quantity of food seem the determining factor in male 
production. The by-products of metabolism of the experimental animals 
are not known. But the results of these and of many others of our experi¬ 
ments on sex control in Cladocera are readily referable to some change 
which the experimental animals produce in the medium other than mere 
reduction of (or relation to) the quantity of bacteria present. In the 
absence of more definite information these results may be assigned to the 
effects of excretory products. 

Temperature and Sex in Moina macrocopa 

Brown and Banta in previous reports, based on partial data, indicated 
that there is a tendency for equal numbers of female Moina macrocopa to 
produce more males at temperatures below room temperature than above. 

A summary of data, involving a wider range of temperatures and various 
degrees of crowding-of the mothers, reveals that the percentages of males 
produced with different amounts of crowding of the mothers is not the same 
at all temperatures. From 14° to 21° C. male percentages increase with 
increased crowding, but at temperatures immediately above and below this 
range (at 24° to 27°; 12°), an intermediate number of mothers per bottle 
gives a maximum male production; greater crowding results in a reduction 
of the number of male young. A further increase in temperature (30°) 
tends to restore the direct relation between male production and the number 
of mothers reared together. Since temperature exercises this type of control 
over male production, the analysis of the temperature effect itself is facili¬ 
tated by a grouping of the data obtained at a single temperature regardless 
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of the degree of crowding. For this purpose all experiments involving 
from one to twelve mothers per bottle are used. Such a tabulation gives 
the following results: 


° c . 

% male 

Total young 

30 

20.2 

4,886 

27 

4.6 

5,601 

24 

16.2 

13,186 

21 

10.0 

22,491 

17 

22.5 

9,081 

14 

24.9 

17,219 

12 

12.6 

6,881 


“The graph resulting from the plotting of the male percentages against 
the centigrade temperature is strikingly similar to that obtained by Plough 
for crossing-over in Drosophila (second chromosome), which gives indirect 
evidence that sex determination in Moina is chromosomal in nature. The 
graph for male production just mentioned and that for the viscosity of 
protoplasm in relation to temperature (Heilbrunn) are of the same type 
and perhaps indicate that the mechanism of sex control is closely allied to 
the physical state of the protoplasm of the ovarian egg during its develop¬ 
ment. The regions of higher relative viscosity in relation to temperature 
correspond to regions of increased male production in our data. 

“One of the interesting results of the analysis of the temperature data is 
that the various views expressed by different workers on Cladocera (1905- 
1930) of the effects of temperature on male production can be correlated 
when observations are made at many temperatures covering a sufficiently 
wide range. Certain writers have held that temperature has no effect on 
the appearance of sexual forms; the majority have obtained experimental 
results which indicated that lower temperatures favor male production; 
one writer indicated that a higher temperature resulted in increased male 
production; and when more than two temperatures were chosen, as in some 
experimental work with the same genus (Moina) used in our study, an 
intermediate temperature (14°) was found to cause the production of more 
males than either extreme (Grosvenor and Smith, 1913). 

“That the antecedent changes which determine the sex of the forth¬ 
coming young are cumulative and slow in reaching a threshold value is 
shown by the fact that mothers exposed to a male-producing temperature 
for progressively longer periods of their pre-adult life produce greater 
proportions of male young. The maximum number of males is produced 
by those females passing all their pre-adult instars at such a temperature. 

Control or Male Production in Moina afftnis 

Banta and Brown have reported a few experiments upon the control of 
sex in other species of Cladocera. 

“Most of our analysis has been confined to a single species, MoirCh 
macrocopa. Further study and analysis of the factors involved in male 
causation in a second species of Cladocera seems desirable. During last 
summer Miss Birdie McAllister, aside from her other duties, devoted her 
efforts to this problem with Moina affinis. Her results are good, considering 
the limited time so far devoted to the problem. She hopes to continue this 
work as a master’s thesis problem at Brown University. 
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“Moina affinis responds to control measures less readily than Moina 
macrocopa. So far as tested, however, the conditions necessary for male 
production appear to be much the same as those for the species more fully 
studied. Crowding the mothers results in male production, but the male 
percentage is less than with M. macrocopa.” 

THE ENDOCRINE LINK IN CONTROL OF DEVELOPMENT 

While the role of the genes as internal directors of development has been 
sufficiently demonstrated, it is clear that they perform that function with 
the aid of various intermediary agents. One of these intermediaries, in 
the case of Vertebrates, is clearly the endocrine system of glands. This 
Department is devoting a considerable part of its energies to learning how 
the endocrines do their work. 

DWARFISM IN MICE < 

As announced in the last Year Book, MacDowell has undertaken, with 
the collaboration of Professor Philip E. Smith of the College of Physicians 
and Surgeons, Columbia University, the study of the dependence of heredi¬ 
tary dwarfism in mice upon the deficiency in the anterior lobe of the 
pituitary gland. They have earlier demonstrated that the deficiencies of 
thyroid gland, adrenals and gonads characteristic of the dwarfs can be 
restored by treatment with fresh anterior pituitary extract, while the 
anterior pituitary gland of these mice after treatment remain as defective 
as in the untreated dwarfs. This deficiency consists of reduced size and of 
the absence of certain secretory cells, the eosinophiles. Dr. MacDowell 
reports on the new work as follows: 

“Two further steps in the analysis can now be reported. On the one 
hand, the growth-promoting power of the thyroid has been shown to depend 
upon the pituitary, and on tne other the gene for dwarfism is found to act 
primarily, if not exclusively, upon a single one of the hormones of the 
anterior lobe. 

“We have confirmed a statement of Snell that thyroid feeding makes the 
dwarfs grow, though-such growth is not normal. The ears and hair are 
strikingly over-emphasized and the apparent growth is exaggerated by 
remarkable masses of subcutaneous and intra-peritoneal fat. A series of 
gland weights made by Mrs. MacDowell on the assay balance, accurate to 
0.01 mg., gives consistent relations between the weight of the anterior and 
posterior lobes of the pituitary in dwarfs compared with normal immature 
mice of the same body weight as the dwarfs, as well as with adults. In all 
normal mice the anterior lobe is from two to three times as heavy as the 
combined posterior and intermediate lobes; in dwarfs the anterior lobe is 
practically the same weight as the posterior. After six months of thyroid 
feeding the relation between the weights of the two lobes remain the same 
as in the untreated dwarfs. This result has been confirmed by preliminary 
histological studies that show that the eosinophiles are still absent. The 
thyroid treatment does not correct the pituitary deficiency, but the pituitary 
treatment does correct the thyroid. 

“Whereas most of the conditions found in the dwarf resemble those in the 
hypophysectomized rats studied by Dr. Smith, the reproductive system of 
the dwarfs is, conspicuously more nighly developed than in the case of the 
rats that completely lack the anterior lobe. Indeed in male dwarfs sperma¬ 
togenesis has been demonstrated; sperm in the epididymis appear in sec- 
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tioned material, and by surgical removal these sperm have been shown to 
be present in large numbers and with normal motility. Ovulation does not 
occur, in the female dwarf, but large follicles are found and the vaginal 
orifice may be established. The presence of the gonad-stimulating hormone 
in the anterior lobe of the dwarfs suggested by these facts has been demon¬ 
strated by biological tests. Implants of dwarf anterior lobes into normal 
immature female mice produce marked and consistent gonad stimulation. 
Comparisons with the effects of normal anterior lobes show that the gonad- 
stimulating hormone is present in a greater concentration per unit weight 
of gland in the dwarfs than in normal mice. On the other hand, the size 
of the dwarfs is a manifest of the deficiency of the growth hormone. This 
point, also, has been tested by biological experiment; implants of dwarf 
pituitaries into dwarfs, which have been shown to be uniquely sensitive to 
administration of the growth hormone, have failed to give any growth 
response. 

‘‘Thus the dwarf is small because it was formed by an egg and sperm 
each carrying a gene that prevented the appearance of eosinophiles in the 
anterior lobe of the pituitary gland. In the absence of these cells the 
growth-stimulating hormone was not formed; this resulted in the failure of 
the thyroid, as well as other glands, to develop normally, and hence in the 
suppression of the thyroid growth stimulation. The sterility of the dwarf 
is not due to the absence of the gonad-stimulating hormone, but to the 
suppression of the growth-stimulating hormone.” 

EFFECTS OF GROWTH-STIMULATING HORMONE OF ANTERIOR PITUITARY ON 

YOUNG RING DOVES 

The fact that young doves and pigeons normally exhibit an excessively 
rapid growth has made it advisable to undertake an examination of the 
effects of the growth hormone in these animals. Riddle’s observations on 
this matter are still in progress but two points of considerable interest have 
been already established. 

First, in very young doves, in the phase of phenomenally rapid growth, 
added growth hormone has relatively little capacity to accelerate growth. 
Probably this is because at this stage the amount of food is the growth- 
limiting factor; here the amount of food available to the young is governed 
by the feeding habits, capacities and whims of the parents. Second, quite 
as Evans and others have observed in mammals, the more pronounced 
effects on growth are found at a later stage when normal growth is notably 
slower. Third, with this hormone two young birds, now aged 3% months, 
have been endowed with a body weight more than 25 per cent beyond their 
normal adult weight (160 grams to 213 grams). An interesting accompani¬ 
ment of their greatly increased body weight is the circumstance that these 
birds can no longer maintain themselves in flight; released at a height they 
can merely (and heavily) glide downward. 

GENETICS OF SPECIAL TRAITS 

LEUKEMIA IN MICE 

Genetic Control of Susceptibilitt to Inoculated Leukemia 

This research, carried on cooperatively with the Department of Pathol¬ 
ogy, College of Physicians and Surgeons, and supported by further grants 
from the Carnegie Corporation has reached the stage at which more definite 
statements can be made as to the genetic control of susceptibility to inocu¬ 
lated leukemia. 
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The experiments of Dr. Richter, with the collaboration of Dr. Wylens 
and Dr. Sproul, on the nature of the active agent in the inoculant that 
transmits the disease from mouse to mouse continue to indicate that the 
living cell (lymphocyte) is necessary for the transmission of the disease. 
Doses of counted numbers of cells indicate that a considerably smaller 
number of cells is required than at first appeared to be necessary. Glyce¬ 
rine, in which many viruses will survive, destroys living cells in a very 
short time, and also the active agent of this disease; desiccation which 
has a similar tendency to differentiate between a virus and living cells, 
destroys the cell and the agent. Filtration experiments, conducted with 
the cooperation of Dr. Zucker, aerobically and anaerobically, in a variety 
of ways, have failed to separate an agent from the living cells. 

Indications of the complex nature of mouse leukemia multiply. The 
diversity among transmission lines was reported last year. Eleven of our 
transmission lines originated in strain C58. However, the different pro¬ 
portions of susceptible animals, revealed when mice of the same segregating 
generation are inoculated with different lines, indicate that different lines 
demand dissimilar conditions within the host mouse. To the reported cases 
of Lines I and A, must now be added that of H and E. The question 
arises, what is the limit of this diversity? Dr. MacDowell reports on this 
matter as follows: 

“Direct evidence of this specificity of susceptibility to different lines can 
now be presented without the use of hybridization experiments, by means 
of a new transmission line that originated from a spontaneous case in 
another highly inbred strain of mice—strain 89, which had been carried in 
this laboratory since 1922. The new line is designated as line L. It is 
carried in mice of the strain in which it originated. During the course of 
13 transfer generations, 75 mice of this strain have been inoculated, all but 
four of which have died with unmistakable signs of leukemia, mostly 
between the 15th and 25th day after inoculation. On the other hand 82 
mice of strain C58, the strain with high susceptibility of at least four types, 
were inoculated with line L and all but one were negative. Again, mice 
of strain 89 have been inoculated with line I. This line originated in a 
spontaneous case in strain C58. Barring experiments designed to study 
the nature of the agent, all the 1240 mice of strain C58 inoculated with line 
I have been susceptible, with one possible exception. Of 142 mice of strain 
89 inoculated with line I, 94 were susceptible. This proportion of suscep¬ 
tible mice is not significant, since it puts together families that gave differ¬ 
ent ratios. By selecting matings from certain parents, without interrupting 
the strict inbreeding, the proportion of young susceptible to line I was 
immediately raised to practically 100 per cent. It is obvious that inbreed¬ 
ing alone does not insure genetic uniformity. Strains C58 and 89 have been 
inbred by the same technique for the same length of time; all the mice in 
strain C58 carry the conditions necessary for susceptibility to line I, while 
these conditions were found in only certain families in strain 89, and in no 
case were all the offspring from any single mating susceptible before this 
was made the basis of selection. On the other hand, all the families of 
strain 89 were, apparently homogeneous in regard to the susceptibility to 
line L, while strain C58 was practically resistant to this line. The same 
animal may provide resistance as well as different types of susceptibility. 
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“It is not correct, therefore, to regard ‘susceptibility to inoculated leu¬ 
kemia’ as a state dependent on any single set of conditions. The number 
of different sets of conditions that produce susceptibility depends on the 
number of transmission lines that may be found with differing requirements. 
Susceptibility can be defined only with reference to a particular trans¬ 
mission line. 


Genetic Analysis of Susceptibility to Line I 

“As reported last year, in the back-cross to the resistant strain (Storrs- 
Little) the proportion of susceptible mice is still somewhat less than 50 
per cent. The numbers now stand, 362 susceptible, 389 resistant. The 
tests of this mono-hybrid ratio previously suggested have been made, 
involving the inoculation of 2257 mice. Animals in the back-cross that 
survived inoculation have been bred again to the recessive strain and their 
offspring inoculated; this experiment was designed to test the hypothesis 
that the excess of survivors in the back-cross was due to crossing-over 
between two linked genes necessary for susceptibility. The results give 
no support for this interpretation, but they do indicate that a heterozygote 
in the back-cross may survive inoculation and also that a few of these 
survivors patently not heterozygous for the primary gene may still transmit 
susceptibility to a very small proportion of their offspring. These unex¬ 
pected results led to the second test, namely the second back-cross. Fifty 
inoculated back-cross males were mated to pure bred mice of the recessive 
strain and their offspring tested for susceptibility. Exactly half gave sus¬ 
ceptible offspring in proportions ranging from 30 per cent to 60 per cent 
with a symmetrical distribution about 46 to 50 per cent as the modal class. 
The totals of these families give a similar departure from the mono-hybrid 
ratio as was found in the first back-cross (295 susceptible, 323 resistant). 
The other 25 back-cross fathers gave either no susceptible young, as ex¬ 
pected, or a very small percentage susceptible, a result that verifies the 
similar finding in the previous test. Finally the 50 back-cross fathers were 
themselves inoculated, with the result that 7 of the 25 that gave offspring 
ranging about 50 per cent susceptible survived inoculation, while none of 
the other 25 were susceptible. The evidence seems complete that although 
all the first generation hybrids (heterozygotes) are susceptible, hetero¬ 
zygotes in the back-cross may survive inoculation. This requires a genetic 
interpretation and constitutes evidence that there are other genes differ¬ 
entiating the two strains crossed that have an influence on the conditions 
constituting susceptibility to line I. Further evidence of the influence of 
other genes is given by the exceptional appearance of susceptible young 
from parents that are not heterozygous for the primary gene. 

“The conclusion has been reached that the primary differential between 
strain C58 and Storrs-Little in respect to susceptibility to the inoculated 
leukemia of line I is a single dominant, autosomal gene, unlinked with either 
of the three color genes, brown, pink-eye, dilute, to be called leukemia I 
(Li). The two strains also differ in certain other genes whose segregation 
occasionally permits, on the one hand, a mouse carrying the primary gene 
to survive inoculation and, on the other, a mouse not carrying the primaiy 
gene to produce exceptional young that are susceptible. 

“Besides the inoculation of strain 89, mentioned above, various other 
strains have been tested for susceptibility to line I. In most cases the 
results have been entirely negative, but in one other strain besides C58 and 
89 susceptible mice have been found. This is the same strain with which 
Little and Strong worked so extensively at this laboratory in studying 
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susceptibility to transplantable carcinomata. In passing it is gratifying 
to note the complete agreement between the present general results and 
those of Little and Strong. The parallelism between these results, on the 
one hand, involving a typical neoplasm and, on the other, a disease whose 
neoplastic nature is not finally established, will have weight in the inter¬ 
pretation of the nature of leukemia, as well as in strengthening a general 
genetic interpretation of similar diseases. The particular strain in question 
is called Dbr (dilute brown); it is the most continuously observed and most 
highly inbred strain known by mouse geneticists. To the transplantable 
tumors studied by Little and Strong all the mice were susceptible. The 
spontaneous occurrence of mammary carcinoma is relatively high, but 
leukemia has never been reported. Most families of this strain inoculated 
with leukemia of line I have given complete resistance, but in the case of 
certain matings approximately half of the young has been susceptible. 
This finding is so recent that no selection has been carried out as in the 
case of strain 89, but the interpretation may be proposed and tested that 
in spite of the intense inbreeding the gene leukemia I is at present carried 
by certain mice in this strain, and by selecting from the matings giving 
50 per cent susceptible young the gene can be obtained in a homozygous 
condition. 

“These results with strain Dbr, in which it is possible that spontaneous 
leukemia does not occur, lead directly to the outstanding problem of the 
relation between the genetic control of the spontaneous cases and the genetic 
control of susceptibility to inoculation. Mice from the C58 x StoLi back- 
cross are being held for the study of the incidence of the spontaneous con¬ 
dition. Part of these have not been inoculated and part are survivors of 
inoculation with Line I. If the genetic constitution determining suscep¬ 
tibility to inoculated leukemia also determines the occurrence of spontane¬ 
ous leukemia, there should be a difference in the incidence of spontaneous 
cases among the survivors of inoculation and among the uninoculated mice 
of tiie back-cross. The final results will be long delayed, but certain con¬ 
siderations give strong indications of the nature of the result. In spite of 
the occasional survival of a back-cross mouse carrying the gene leukemia 
1, the number of spontaneous cases already found among the survivors of 
inoculation indicate with a fair degree of certainty that this gene is not 
a necessary part of the genetic basis for the spontaneous occurrences. In 
this case the isolation of this gene from others that do determine the spon¬ 
taneous occurrences is only a matter of routine genetic procedure. The 
correlation between spontaneous cases and susceptibility to inoculation is 
further broken down as soon as it is shown that the susceptibility to differ¬ 
ent lines is determined by different genetic complexes. A spontaneous 
neoplasm will not continue to grow in an animal unless conditions favorable 
to its growth are present; hence it is not surprising that neoplasms arising 
in mice of a genetically uniform strain may be transplanted into other mice 
of the same strain, but this does not mean that the conditions giving rise to 
the neoplasm and those responsible for its continuance are the same or that 
their genetic control is the same. 

Cytopathological Studies 

“The microscopic diagnoses necessary for a report on the incidence of 
the spontaneous cases in strain C58 have been completed. This work has 
been delayed by the long life of some of the mice. All the mice born 
between certain dates were held for the study, and as the leukemic condition 
did not appear in some cases until near the end of the second year, no 
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statements could be made until the last mouse died. The unpredictability 
of death even in a mouse with a long-standing case and apparently mori¬ 
bund, combined with the speed of post mortem decomposition in hot 
weather has made the microscopic diagnosis of many cases impossible even 
though the gross lesions might be well marked. Aside from this difficulty 
there are a few doubtful cases in which the preservation of the tissues is 
satisfactory but the histological conditions are atypical. Omitting all such 
cases, the total gives 90 per cent positive cases of leukemia out of 527. 
The great majority of these are lymphatic leukemia but the myeloid type 
appears occasionally. The great diversity characteristic of these cases, 
manifest in age at death, organs infiltrated, etc., contrasts markedly with 
the uniform pictures given by the inoculated mice of certain of the lines. 
In view of statements to the contrary in the literature, it is important to 
note that the occurrence of typical neoplasms among these mice was rare. 
Associated with the positive cases were found four carcinomata of the lung, 
two of the breast, two adenomata and one osteoblastic sarcoma; with the 
negative cases, two sarcomata, one adenocarcinoma of the kidney, one 
cylindroma of the parotid. On the other hand, in the strain Storrs-Little 
in which no certain case of leukemia has been found, carcinomata of the 
breast occur with great frequency; in the first generation hybrids between 
these two strains both carcinomata and leukemia occur spontaneously.” 

RACING CAPACITY IN HORSES 

The problem of the genetic factors in racing capacity involves two 
studies: (1) The measurement of racing capacity and (2) the inheritance 
of the quality thus measured. 

Measurement of Racino Capacity 

Laughlin has continued his analysis of the "quality of performance” 
which has led him to the establishment of a theoretical “Standard Horse.” 
He has also considered the problem of intercompensation of distance run, 
weight carried and age in years. The questions to be answered are: If 
distance, weight and age each affect the speed of the Standard Horse, then 
how many pounds on back are equivalent to a furlong, or a year of age? 
Or, how many furlongs are equivalent to a year? The general principle 
that Laughlin has worked out is: “If two different things are each inde¬ 
pendent functions of the same third thing, then these same two independent 
things are, for every given value of this third thing, a unique function of 
each other.” As an illustration, if the “Standard Horse” (the mathe¬ 
matically smoothed best the breed has done to date) with a quality of 
performance of 1.000 be a colt and be required to run at the rate of 12.00 
mean seconds per fiirlong for 6 furlongs, at the age of 3.25 years, in a 
race truly run on a good or fast track, he must carry 134 pounds; if the 
same conditions hold except that 7 furlongs are to be run, then for this 
additional furlong 13.5 pounds must be taken off of his back. Or, if for ft 
distance of 6 furlongs the weight be reduced from 134 to 120.5 pounds then 
this loss of one furlong is equivalent to 3.83 years added, as the standard 
horse can do this stunt at 7.08 years. Similarly, 3.83 years are equal to 
13.5 pounds. The current research in this field of inquiry is: 

“In any given horse (as distinguished from the Standard Horse), with 
a known definite general racing capacity, and with specific individual 
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capacities for distance-going, weight-carrying and age performance how do 
distance, weight and age inter-compensate for each other?” 

Laughlin points out that while the Basic Formula holds good for the 
Standard Horse and is the correct basis for computing the Quality of Per¬ 
formance for any horse under any complex of distance, weight and age it 
only roughly approximates the specific inter-compensation formula for a 
selected horse; because the inter-compensation formula is characteristically 
different for each individual horse. Still each individual inter-compensation 
formula doubtless will be of the same mathematical form as the basic 
formula, judging by the fact that such standard formulae for colts, fillies and 
geldings are of the same mathematical form, differing from each other only 
in the values of their parameters, and from the fact that different individual 
colts, for example, seem to differ among themselves mudh as colts in general 
differ from fillies in general. To devise the particular individual formulas 
other methods of attack must be tried. 

In an effort to solve this problem, Laughlin has undertaken an analysis 
of values and trends in the several elements of the past performances of 
selected horses. These analyses have attempted to predict, by computation, 
the relative performances of the several starters in given races. This study 
has two purposes, first, to investigate individual differences in inter-com¬ 
pensation and, second, to forecast the development of future racing capacity 
of the individual. 

The need of measuring merit of prediction in forecasting the places 
which different starters will attain in a given race has led to the invention 
of several formula: 

(a) Mean Chance Place Deviation = — —— ; 

o n 

n = number of competitors. 

(b) Merit of Prediction = 1 — (mean actual place deviation -5- mean 

chance place deviation). 

Thus, if the actual place deviation in a predicted sequence of places in a 
given race is equal to the mean chance place deviation, the merit of predic¬ 
tion is 0; if the prediction is absolutely correct for each place the merit of 
prediction is 1. Several different bases of performance-prediction have been 
tested out. The one which thus far gives the best promise for high merit 
is that which assumes that in his next race each horse is equally likely 
to perform in accordance with the quality of performance of each of his 
past races. 

MuihRunnino Capactxt 

During the year substantial advance was made in the investigation of 
special capacities in the running horse. The major capacities in this list 
relate to distance-going, weight-carrying, age-capacity and mud- mnning 
capacity. Each of the first three of these has its “subject-base” quantita¬ 
tively measured respectively in furlongs, pounds and years, but the fourth 
such base, namely, “muddiness or heaviness of track,” is not directly meas¬ 
urable. Nevertheless a means for circumventing this lack has been found 
in measuring the average slowing down of all competing horses from their 
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own fast-track performances to that for the particular track condition. 
Following this study a quantitative measure of mud-running capacity, 
comparable in accuracy with such measures for the first three capacities, 
has been worked out. 


Inheritance or Racing Capacity 

The second aspect of Laughlin’s work on heredity in race horses is the 
main one, namely, the investigation of inheritance of racing capacity. 

“The purpose here is to answer questions like this: Given a proposed 
mare-stallion mating, each of which mates has definitely measured general 
and special racing capacities; given also such measures for each of their 
nearest blood-kin—grandparents, parents, uncles, aunts, cousins, full-sibs, 
half-sibs and get—what will be the racing capacity of the expected foal? 
Or, to put it another way, what is the probability-distribution of racing 
capacity among offspring with a given pre-computed near-kin rating? 

“It is evident that the very complex quality known as racing capacity 
is not a single Mendelian unit but, on the other hand, is the result of 
developmental interactions of a very large number of such units—but still, 
in their end result, a measurable product which definitely ‘runs-in-the- 
family.’ It is this development result which continues to be studied with 
a view to finding out how a given definite racing capacity distribution in a 
given near-kin group constitutes the basis for prediction of certain kinds of 
capacity in the offspring. It is a study of what constitutes predictable 
genetical criteria for racing capacity. The earlier studies in the field are 
being re-examined in the light of the now available better measurements 
of individual racing capacity, and new correlations are being worked out 
corresponding with the several kinds and degrees of blood-kinship. The 
purpose of this is to work out a new genetical formula in which each of the 
near blood-kin will have a mathematical relation and a stress depending 
entirely upon empirical value in prediction. The underlying theory will be 
sought later.” 


HUMAN GENETICS 

STUDIES IN ANTHROPOLOGY AND RACE CROSSING IN YUCATAN 

In cooperation with the Division of Historical Research, Steggerda spent 
four months (Jan. 15 to April 15, 1931), accompanied by Mrs. Steggerda, 
in Yucatan, with headquarters at Chichen Itza. 

About 75 physical measurements were made upon each of 50 adult males, 
50 adult females and 175 children. These measurements include stature, 
length of arms and legs, body segments, measurements of head and face, 
palm, finger and sole prints, examination of teeth, description of hair, eyes 
and other characters. 

Seven psychological tests, selected so far as possible to eliminate the 
barrier of language and to be largely independent of speed, were given indi¬ 
vidually to 40 adult men, 25 adult women and 25 children. Formidable 
difficulties were found to the giving of these tests under standard conditions 
of repose and lack of distraction, owing to the interest of the neighbors 
concerning all operations of the investigators. 

Physiological observations were made in cooperation with the Nutrition 
Laboratory of the Institution. Basal metabolism records were made on 30 
Maya men, each man being given 3 periods each day for 3 successive days. 
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This work confirmed that of Dr. G. D. Williams and established the fact 
that Maya men have a metabolic rate that is about 7 per cent higher than 
that of white men. This is combined with a low pulse rate which is char¬ 
acteristic of the American Indian. 

In making this anthropological study care was taken to select individuals 
from relatively large families; thus these data can be used later in making 
family studies. A superficial view of the population leads to the estimate 
that persons can be found in Yucatan who are 90 per cent or more pure 
descendants of the Maya race. Mestizos can also be found with approx¬ 
imately 50 per cent Spanish blood; also relatively pure whites. But prob¬ 
ably few genetically satisfactory F x or F a hybrids can be found. 

Only a few results are as yet available. However, it can be said that the 
Maya are, on the average, very short Indians. Their < stature equals 155.2 
cm. for males and 142.8 for females. These statures range from 10 to 15 
cm. less than the average statures of most groups of United States Indians. 
Mexican Indians are shorter than those of the United States and the Maya 
are among the shortest. Their shoulder widths equal those of the plains 
and western Indians who are considerably taller than the Mayai The chest 
girths of the Maya are larger than those of Jamaican Negroes, but the latter 
are taller than the Maya. The neck girth of these two races is about 
equal. The head length of the male Maya equals 181 mm., which is 10 
to 15 mm. less, for example, than the Sioux Indians of North America. 
The Maya are brachycephalic, their cephalic index being 85 per cent, as 
compared with 79 to 80 per cent for Sioux and Algonkins in the United 
States. Their hair is black and straight. Their eyes are uniformly dark 
brown or black. The pulse of the Maya, taken 12 hours after the last 
meal and in a state of complete repose, was found to be 52 per minute, 
which is 9 less than that found for the Whites under the same conditions. 
The percentage incidence of a thenar palm pattern is very high—it occurs 
in 45 per cent of the Maya examined, as contrasted with 12 per cent of 
Europeans and 7.5 per cent of Jamaican blacks. On the psychological 
tests, the males, in general, gained significantly higher grades than the 
females. 


SHINNECOCK INDIAN-NEGRO HYBRIDS 

Further studies were made on this group by Steggerda. He published an 
article on segregation of hair form in this group. A further analysis is 
being made of several other physical traits in these hybrids. 

HEREDITY OP GOITER 

Davenport completed his research on this subject and sent the completed 
manuscript to the Institution for publication. It is this research which 
was initiated and largely paid for by the Playground Athletic League of 
Baltimore. The main genetical finding is this. The tendency to goiter 
depends upon the simultaneous presence in the germ plasm of two dominant 
factors, of which one is sex-linked, the other autosomal. One may thi n k 
of the autosomal factor as one that determines such an insufficiency in the 
mechanism of the thyroid gland as leads it, when the iodine supply is low, 
to enlarge. The sex-linked factor may well be one that tends unduly to 
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increase the demand on the part of tile female organism of the substances 
furnished to the body by the thyroid gland. 

HEREDITY IN OTOSCLEROSIS 

A further investigation of families with otosclerosis has been made by 
Miss Lillian Frink with funds furnished by the American Otological 
Society’s Committee on Otosclerosis. This brings the total of families 
studied “in the field” to 127. The progeny of the various matings are. being 
analyzed. 

COMPARATIVE AUXOLOGY 

The data obtained from 100 boys, ages 7 to 19 years, followed during 6 
to 9 years, are now being worked up and a comparison made with develop¬ 
mental series of Europeans, Chinese, Indians and Negroes. During the 
year, Davenport attended several meetings of the White House Conference 
on children and contributed a rather general chapter to the report on the 
Division of Child Growth and Development. 

The studies in child development during the second decade are now being 
extended in a new series in which it is proposed to follow growth with 
studies on changes in endocrine function, metabolism and psychic function¬ 
ing, not only in the propositus but also in his siblings and other near rela¬ 
tives. This work is being carried out in collaboration with Letchworth 
Village, Dr. C. S. Little, superintendent, Dr. Eugene W. Marts, clinical 
director. Miss Lillian Frink has been appointed for the field work. 

Since the value of these studies on comparative racial physical develop¬ 
ment of the child is dependent upon uniformity in technique of measure¬ 
ment, Davenport cooperated with Mr. R. H. Post in enabling the latter to 
visit the anthropologists of the United States, England, France, Belgium, 
Germany, Switzerland, Sweden, Norway and other countries of Europe. 
The results of his findings have been published in Abderhalden's “Handbuch 
der biologischen Arbeitsmethoden.” The great diversity of method of meas¬ 
uring any single dimension was set forth, and the necessity for a standardi¬ 
zation of technique by the intervention of an international commission 
made clear. 


INHERITANCE IN QUALITY OP CHEMICAL SENSE 

Blakeslee, with assistance of M. R. Salmon, has made some investigations 
into variation in the chemical sense. Some years ago he found that in 
testing persons with a pink-flowered verbena and a red-flowered verbena, 
about two-thirds of 40 tested could perceive fragrance in the pink flowers 
but not in the red ones, while a third of those tested could smell fragrance 
in the red flowers but not in the pink. 

A somewhat similar variability in taste discrimination was recently dis¬ 
covered by Dr. A. L. Fox, using a synthetic chemical, phenylthiocarbamide> 
He has found this, as well as certain other thio compounds, to be without 
taste to about one-third of the people tested, but to others to have a more 
or less bitter taste, like quinine. Dr. Fox kindly sent us material with 
which to study the inheritance of taste-deficiency for phenylthiocarbamide. 
A preliminary report of the tests was presented at the June meeting of the 
Eugenics Research Association by Blakeslee. 
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“Teste show that if both parents are taste-deficient, none of their children 
can taste the chemical. If one parent only is taste-deficient, about half 
the children are tasters, while if both parents are tasters, there are among 
the children about 4 or 5 tasters to 1 non-taster. Taste-deficiency for the 
chemical tested appears thus to be inherited as a Mendelian recessive 
(table 3). By testing with a set of dilutions it has been possible to obtain 
rough determinations of the threshold at which the bitter taste can be per¬ 
ceived by different individuals. The adjoining table shows the distribution 
of taste discrimination for parents and offspring from the different types 
of matings. It is evident that there is hereditary basis for the different 
grades of taste acuity. The differences found in respect to ability to per¬ 
ceive odors of the particular verbena flowers studied and in respect to 

Tabu! 3 —Showing thresholds to taste of phenylthiocarbamide of children derived from 

parents of different types of mating 1 
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51 
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ability to perceive taste of thio compounds leads to the belief that deficiency 
for specific odors and tastes may be a common phenomenon in humans. In 
support of this belief is the fact reported to us by Dr. Buchholz and by the 
Hicks Nursery that some people can not smell fragrance in the American 
crab-apple ( Pyrus coronaria) which to others is very pleasing. We have 
also had reported to us that some can not smell the skunk-like odor of the 
young foliage of Azalea mollis, which to most people is distinct and 
offensive. 

“It is only through the senses that we gain our knowledge of the external 
world. Our finding such striking differences in smell and taste is evidence 
that different people live in different worlds so far as their sensory reactions 
are concerned.” 


HEREDITY OF MENTAL TRAITS 

Banker has continued his studies on the measurement of students’ ability 
by using his. .special index. He has found that college and high school 
records give lower SAI’s than are to be expected as compared with elemen¬ 
tary school records owing to the drastic selection among students, inherent 
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in every school system, on passing from the elementary to the high school 
and later to college. For this a correction had to be made. 

The tabulation of SAI's derived from the perfected formula, when com¬ 
piled for their distributions by families of the Huntington elementary 
schools, yields the results shown in table 4. 


Tabus 4 —Distribution of school success in families of selected matings, as measured by 
the SAI in Huntington elementary schools 
Types: L<94; M =94-116; H = 116 and over 


Type of 
parental 
matings 

No. of 
families 

No. of 
surviving 
children 

Surviving 

children 
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Children oi 
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2 

13 
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15 
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This table shows that the midparental SAI increases as that of the 
average of the children also increases. No clear evidence of Mendelian 
inheritance appears from this table. 

OENBTIC CONSTITUTION OP THE AMERICAN POPULATION 

Eugenical Sterilization 

The efforts of the several states to limit the production of hereditary 
degenerates and defectives by setting legal criteria and conditions below 
which sexual sterilization may be applied by the state, either with or with¬ 
out the consent of the subject or of his family or guardian, were studied 
by Laughlin and during the year a final manuscript on the legal analysis 
of the subject has been prepared by him for publication. 

The Eugenics Record Office has been called upon frequently for service 
in legislative, court and administrative fields in the course of the enactment¬ 
testing and application of the eugenical sterilization laws. Laughlin reports 
that: 

"With the abandonment of the punitive motive, and the individual- 
therapeutic purpose, the sterilization statutes are now coming to stand more 
directly on their own merit and constitute an effort on the part of the* 
several states to reduce degeneracy through sexual sterilization of persons 
who, solely on account of hereditary degeneracy, are apt to become parents 
of degenerate or inferior offspring. Decisions of the state courts are now 
quite uniformly upholding the new statutes based upon the eugenical motive 
—the more pure the eugenical motive the sounder the statutes are proving 
when tested in the light of constitutional law.’ 1 
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More than half of the states, at present 27, have active eugenical sterili¬ 
zation laws on their statute books, and there is a steadily increasing de¬ 
mand, by the administrative offices and the courts, for students of human 
heredity to act as expert witnesses to examine pedigrees of persons whom 
the state proposes sterilizing because of their likelihood to produce degen¬ 
erate offspring. An extensive collection of “human pedigree experience 
tables" and a more basic knowledge of the part which heredity plays in 
the production of specific types of human inadequates and degenerates must 
be possessed by the investigator in human genetics if eugenical sterilization 
is to function in a manner contemplated by the several statutes. Laughlin, 
therefore, stresses the point that the future successful advance of this 
eugenical practice now depends primarily upon research in human genetics. 

Population Movements in Pan-America 

During the year the outline for the proposed study of Pan American 
population history, from the biological point of view, was further developed 
as the basis for research by the Carnegie Institution of Washington and the 
Pan American Union. In this work the Pan American Union proposes 
using its facilities for gathering data and the Carnegie Institution of Wash¬ 
ington its organization for an analysis of the facts. The main purpose of 
this study is to determine the nature of those forces which, since the dis¬ 
covery—14 human generations ago—have interacted to establish the present 
population status of the Western Hemisphere, in numbers, race and family- 
stock character. The work of the Carnegie Institution, thus far, has con¬ 
sisted in planning the set-up, in specifying the kind of data needed, and in 
designing a plan for indexing them for analysis, together with cognate inter¬ 
pretative material. 

PHYSIOLOGY OP SEXUAL REPRODUCTION AND DEVELOPMENT 

METABOLISM STUDIES ON DOVES AND PIGEONS 
Seasonal Difference in Metabolism of Doves and Pigeons 

In Riddle’s cooperative metabolism studies with Dr. F. G. Benedict, 
director of the Nutrition Laboratory, and with the assistance of Miss 
Guinevere Christman, a seasonal difference in the metabolism of doves and 
pigeons has been demonstrated. Four series of tests have been concluded, 
in three of which each individual bird was measured at least once during 

Table 5 —Summary o] data ( used for construction of polygons) on seasonal changes in 
metabolism Is 4 groups of doves and pigeons (all measured at 10° C.). In all groups, 
eaoept Tipplers, tli'e some individual birds were measured at all of the four seasons. 
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each of the four seasons. These several tests lead to the important ©on-* 
elusion that season has a marked influence on the metabolism, when th« is 
measured at an environmental temperature of 20° C.; further, under the 
conditions maintained in our bird colony (some protection and heat in 
winter, not in autumn), the metabolism is higher in the autumn (September, 
October, November) than at any other part of the year. A condensed 
summary of the data showing seasonal differences in the metabolism of the 
four groups of birds studied is given in table 5. 

A graphic presentation of the seasonal differences in the metabolism of 
the four groups of birds is shown in figure 1. 

SEASONAL CHANGES IN METABOLISM OF PIGEONS 

(MEASURED AT 20* c) 
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„ ' PIGEON X DOVE HYBRIDS 
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go' 

2 



SPRING SUMMER AUTUMN WINTER 


Fig. 1 

This result materially adds to our knowledge of the physiology of these, 
animals, and contributes to at least two different problems. In the field 
of metabolism studies, the seasonal factor must be assumed to exist, even 
in warm-blooded animals exposed to seasonal influences, unless careful 
measurement has excluded it. Second, this result is definitely informative 
on several of our earlier studies on sex and reproduction in doves and pigeons 
where uniform indications of a marked seasonal influence have been found. 
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A Special and Dominating Influence of Season upon the Percentage C bancs or 
Mstaeousm pee Degree or Change in tbs Environmental Temperature 

A second study, also carried out in association with Dr. F. G. Benedict 
and Miss Guinevere Christman, has shown that the extent of the change in 
rate of heat production in our animals following a change in external tem¬ 
perature is largely determined by season. This conclusion is based on 188 
measurements made on birds of the same race (Tipplers) at temperatures 
ranging from 15° to 30° C. The data demonstrating this result can not 
readily be condensed sufficiently for the purposes of this report. We here 
note only the important implications, to the physiology of regulation and to 
our own studies, of a demonstration that seasonal adjustments within the 
organism (almost certainly the thyroids are chiefly ^involved), not the unit 
of temperature in itself, decides whether and to what extent the metabolism 
will change under (reasonable) temperature change. 

Season op Origin as a Determiner of Age at Which Birds Become Sexually Mature 

Adequate data on this point have been obtained and published by Riddle. 
The results have been summarized by him as follows: 

“Under standard conditions, in which the temperature factor would seem 
to be the chief seasonal variable, measurements were made of the age of 
attainment of sexual maturity (production of first egg) in 404 female doves 
and 316 common pigeons belonging to 10 different races. Within each of 
these races some females were reared from eggs laid in each month of the 
year, and a measure obtained of the influence of this varying season of 
origin upon age at maturity. 

“Birds from eggs of September to January, inclusive, matured earliest; 
those from other months at markedly older ages—36 per cent older in 
pigeons and 52 per cent older in doves. Different races within either of 
these species mature at unequal ages and thus reveal genetic factors, prob¬ 
ably involving the anterior pituitary, which also condition the establishment 
of maturity. 

“Under the most favorable conditions now known a dove or pigeon must 
be approximately 4.0 months old before it will produce an egg. If an age 
of 4 or 5 months is reached during the autumn the maturity is delayed, if 
reached during February to July maturity is hastened by endocrine condi¬ 
tions (thyroid, perhaps pituitary) connected with the part of the year. 
Our earlier studies have shown that this season of accelerated maturity is 
also the season in which, even in mature birds, thyroid sise and activity 
are decreasing. This rule probably applies to birds generally. A seasonal 
factor has been fdUnd in practically all aspects of sex and reproduction 
thus far studied in doves and pigeons. 

“Concerning the three above-mentioned studies it may be noted that all 
such seasonal adjustments within the organism, and such cyclical ones as 
crop-gland development under pituitary influence, as mentioned elsewhere, 
are aspects of development which, in some respects, are of even greater 
interest because they are repetitive developments.” 

Metabolism During Growth in a Common Pigeon (Tipplers) 

Beginning with young 3 days after hatching, the rate of heat production 
has been measured in Tippler pigeons throughout growth, adolescence and 
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adult life. In this study Riddle has collaborated with Dr. F. G. Benedict 
and Miss Theodora Nussman. The results have been summarised as 
follows: 

“The total metabolism, at 30° C, of a race of common pigeons has been 
measured at four early stages of growth; basal values have been obtained 
at three later periods of slower growth, at adolescence, and after maturity. 
Our results are based upon 135 measurements. Three days after hatching 
the non-fasted bird has a total metabolism about 20 per cent higher than 
the basal value of the young adult. Eight days later the total metabolism 
thus measured is about 100 per cent higher (1280 calories per sq. meter 
per 24 hours) than the basal value of such an adult (640 calories). This 
extraordinarily high metabolism coincides with an extraordinarily rapid 
growth in this animal. When 41 and 43 days old the total metabolism is 
in rapid decline; this coincides with a period in which adequate and heat- 
conserving feathers are acquired. Measurement of three birds at the 43-day 
stage in both fasting and non-fasting condition indicates that their true 
fasting value (922 calories) is only 21.4 per cent below the non-fasting 
value (1160 calories); it is thus made clear that birds of this age have 
a much higher metabolism than birds of the 56-day (726 calories) and still 
older stages. In general, the basal heat production progressively declines 
from the 43d day—and probably from the 28th day—into adult life. At 
3 days after hatching the body temperature is about 2° C. less than that 
of the adult, but becomes equal to it only 8 days later. 

“To our own studies on development this supplies the valuable fact that 
at least very much of the period of rapid body growth in the pigeon is also 
a period in which the rate of heat production is markedly accelerated. 

Metabolism or the Mourning Dove 

This is the only truly feral species of pigeon now in our animal colony 
in sufficient numbers to permit a satisfactory metabolism study. Such a 
study has been almost or quite completed by Riddle in collaboration with 
Dr. F. G. Benedict and Miss Guinevere Christman. This migratory species 
has a very short and restricted breeding period (May to August) and it is 
of special interest to the studies on reproduction being made in this Depart¬ 
ment that the mourning dove apparently attains its maximum rate of heat 
production at or soon after the end of its breeding season and at the very 
beginning of the onset of cold weather. 

“Critical” Temperatures for Metabolism Measurements in Doves and Pigeons 

Dr. Benedict and Miss Nussman have collaborated with Dr. Riddle also 
in this study. Though the statement possibly does not apply to all races, 
perhaps not to all seasons, it may be said that for both doves and pigeons 
the minimum metabolism is obtained at an environmental temperature of 
30 8 C. Tests made at 28°, 32°, 33®, 34°, and 35° C. have all tended to 
yield higher values than those obtained from the same bird measured at 
30° C. The determination of the temperature at which these birds yield 
minimum heat production values is, of course, a matter of interest to both 
this Department and the Nutrition Laboratory because of its practical 
application in the cooperative studies in progress on the metabolism of 
pigeons. 
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ENDOCRINE STUDIES IN DOVES AND PIGEONS 
Establishment and Identification of Endocrine Races 

Riddle reports as follows: 

“This is a major problem to which we have given much attention during 
the past 11 years. Our main purposes have been notably forwarded by 
three kinds of work and measurement accomplished during the past year. 
First, the breeding of these races, and of specially desired hybrids, has been 
very satisfactorily continued, largely by Miss Pela Fay Braucher; and the 
weights of the various endocrine organs from about 800 of these birds have 
been obtained and added to our records by Mr. Joseph Ira Thaler. Second, 
our cooperative studies with the Nutrition Laboratory have added at least 
1000 metabolism measurements which, with those to be made later, will 
provide this indispensable item of information for ouy 87 races and numerous 
hybrid groups of doves and pigeons. Third, the several hundreds of meas¬ 
urements of hemoglobin content and erythrocyte number made, with the 
assistance of Miss Braucher, on the blood of all these races and hybrids will 
contribute notably to our study of these races, as well as to problems of 
sex and reproduction.” 

Effects of Anterior Pituitary Hormones 

Pituitary influence on weights of gohads and other organs —Continued 
study with the assistance of Miss Irene Polhemus of the effect of injections 
of the sex-stimulating principle of anterior pituitary in enlarging gonads 
shows that thyroids and livers are also enlarged. It is probable that the 
extracts used were not free of the “growth” principle. The new results are 
as follows: 

“Tests were made of the effects of various pituitary hormones on weights 
of gonads and several other organs in 57 birds; 39 blank-injected birds were 
used as controls. 

“The immature testis of the dove and pigeon provides an extraordinarily 
sensitive test for the sex maturity hormone; 10 daily doses yield weight 
increases of from 500 to 2200 per cent; 3 daily doses give increases of more 
than 100 per cent. 

“The growth response of the ovary of the immature dove and pigeon is 
not more than one-third or one-fourth that observed in the testis. 

“Alkaline extracts of the anterior pituitary which were rich in the matur¬ 
ity principle, and probably contained the growth hormone, produced prompt 
and marked increase of weight in thyroid and liver; most other organs 
showed little or no change in size. 

“Antuitrin is capable of stimulating growth in the immature testes; but 
in similar dosage and short-term tests it gives no measureable response in 
the ovaries. 

“None of these results is ascribable to contamination of the extracts by 
posterior lobe principles; under the conditions observed in these tests pitocin 
and pitressin do not affect the size of gonads, thyroids or liver. 

“The luteinizing hormone from pregnant urine has no effect on size of 
liver or thyroid, but it decreases the size of the oviduct (uterus) and stops 
or retards growth in the ovary. Its action is distinct from, perhaps antag¬ 
onistic to, that of the maturity principle.” 

Control of the special secretion of the crop-gland in pigeons by an anterior 
pituitary hormone —It has long been known that pigeons and some other 
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birds are able to secrete and feed to their young a substance called “crop- 
milk.” This “milk,” and even the main structural features of the gland 
which produces it, develop at only very special and restricted periods. 
The mechanism by which their development is regulated has remained 
wholly unknown. With the assistance of Miss Pela Fay Braucher, Riddle 
has been able to clear up the essential features of this extraordinary and 
cyclical development by showing that it is under the control of a hormone 
secreted by the anterior pituitary gland. The study has been published, 
the results being summarised as follows: 

“Two dorso-lateral areas of the crop wall of doves and pigeons normally 
undergo an extreme enlargement at the end of the brooding period and then 
secrete the ‘crop-milk’ which is fed to the young. This complete glandular 
enlargement and functioning can invariably be induced in very immature 
(two weeks old) and other non-brooding birds of both sexes by the injection 
of suitable extracts of the anterior pituitary and by such extracts only. 

“This growth response in the crop-gland area occurs after previous sec¬ 
tion of its nerve supply and is, therefore, not regulated or conditioned by 
the nerves. 

“All of the several effective extracts used were known to contain the sex 
maturity hormone in greater or less amounts; all may also have contained 
small amounts of the growth principle. The effective crop-gland stimulant 
is destroyed by heat. 

“The ‘luteinizing’ hormone, as obtained from pregnant urine, is entirely 
ineffective in eliciting this response in the crop-gland. This result, together 
with no effects or possibly with adverse effects, on gonad growth (to be 
more fully considered elsewhere) makes it quite improbable that the luteiniz¬ 
ing and maturity hormones are identical or even closely related substances. 

“It is not known whether the principle activating the crop-gland is the 
growth, the sex maturity, or a third and now unknown anterior pituitary 
hormone. Certain aspects of this problem are discussed. 

“If this response of this special part of the crop mucosa of the pigeon is 
a specific response to the growth hormone, it provides the easiest and quick¬ 
est known method of standardizing and testing that hormone. A clear 
macroscopic result is obtained in 72 hours, and active ‘milk’ secretion occurs 
on the fourth or fifth day.” 

Weight of the pituitary gland —Riddle, with the assistance of Miss Nuss- 
man, has obtained weights of nearly 500 more pituitaries of doves and 
pigeons. His earlier reported results are confirmed. In 4 groups (species 
or races) the pituitary, as a whole, and its anterior lobe alone, are always 
heavier in the female absolutely and even more strikingly relatively, since 
the male has the greater body weight. 

Point or Action or Luteinizing Hormone in the Ovakt 

Studies on the action of the luteinizing hormone by others have been con¬ 
fined essentially to mammals, and the general interpretation of the results 
obtained there is that this hormone stimulates the production of lutein cells 
in the follicle wall with consequent imprisonment of the ova! Riddle has 
made observations on the action of this hormone in the bird ovary which 
raise much doubt as to the accuracy and completeness of this interpreta¬ 
tion. His results, accompanied by the requisite photographic evidence, 
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am now in process of publication. Riddle finds that the luteinizing hor¬ 
mone obtained from pregnant urine, but thought by many to arise in the 
anterior pituitary, primarily inhibits growth in the ova, and rather second¬ 
arily stimulates follicle-cell formation in the ovaries of immature pigeons. 
The conditions found in these bird ovaries seem to exclude the possibility 
that the formation of new follicle cells either causes the stoppage of growth 
in the ova or acts as an effective barrier to their liberation. 

Failtoe or Thymectomy to Reveal Thymus Function 

Riddle has surveyed the whole literature of thymectomy and concludes 
that no result ever obtained by simple thymectomy is usable as evidence 
against the existence of an endocrine or other function of the thymus. The 
whole of the evidence secured by Riddle, in collaboration with Dr. Jaroslav 
KfiJenecky, has been analyzed and published. In this work 17 pigeons 
had the thymus and bursa Fabricii completely extirpated; 41 brothers and 
sisters being kept for controls. 

No effect was found on subsequent body growth, or weight of testis, 
ovaries, thyroid, liver or spleen, in bone development, basal metabolism, 
health and appearance. The operation did not affect the time of sexual 
maturity in the female, nor the thickness of their egg envelopes. The ex¬ 
planation of this negative result rests upon the existence and hyperplasia of 
other widely scattered tissues, that also have thymic function. 

Amount or Glycogen in Muscle and Lives of Doves and Piobons 

On this matter Riddle reports as follows: 

“Since the various races utilized in all our studies have been, or are being, 
standardized on an endocrine basis, and since these races are being found 
in other studies to have unequal rates of heat production, there is some 
probability that these races differ in the amount of carbohydrate reserves 
(glycogen) stored in their muscles and livers. The special significance of 
the pancreas and the pituitary in the carbohydrate metabolism, and our 
obligatory interest in these parts of the endocrine system, provided a 
further incentive to this study. With the assistance of Mr. Joseph Ira 
Thaler about 400 glycogen determinations have already been made. A 
full statement of the results must await the completion of the study, two 
months hence. We can now report a very evident difference in the amount 
of muscle glycogen found in common pigeons compared with that in ring 
doves. Among 70 samples of muscle from common pigeons it is found that 
68.8 per cent of the glycogen values exceed 4 mg. per gram of muscle; among 
70 similar samples from ring doves only 22.9 per cent have glycogen values 
in excess of 4 mg. per gram.” 

RELATION BETWEEN CONCENTRATION OF FOOD-ORGANISMS AND RATE OF 
DEVELOPMENT OF MOINA MACROCOPA 

Some years ago W. R. B. Robertson concluded that animals reared to¬ 
gether (Protozoa) mutually stimulate each other. He assumed they pro¬ 
duced an “allelocatalytic” substance. Others have in some cases confirmed, 
in their fields, his results. Banta, with assistance of Miss Maurita Mac- 
Pherson, has tested Robertson’s theory, using different concentrations of 
bacteria and varying numbers of individuals of Moina. 
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Using 1 individual to the bottle, in varying solutions of a standard manure 
infusion, bacterised with different known amounts of bacteria, it appeared 
that at an optimum dilution (%g of standard) the animals matured fastest, 
while at weaker and stronger dilutions, there was a retardation, the more 
the greater the departure from the optimum. 

In a second type of experiment the same dilutions of culture media were 
employed as in the first experiment, but with 1, 3, 6 and 9 sister animals in 
different bottles of each of the dilutions (instead of the single animal). 
Moina reared in the strongest concentrations were retarded in development; 
but the less so the greater the number of individuals to the bottle. This is 
Robertson’s result; but it is apparently not due to “allelocatalysis” but to 
the over-strong medium. For, in the less strong concentration the single 
animal per bottle matured first and, as the number of Moina per bottle 
increased, they matured more slowly. The latter result is clearly due to 
scarcity of food. Banta concludes that the slowing up of development in 
the dense solutions is explicable on the hypothesis that the dense suspen¬ 
sions of bacteria produce deleterious substances that are the more injurious 
the fewer the Moina in the bottle. 

HATCHING OF SEXUAL BOGS OF MOINA MACROCOPA WITHOUT A LATENT PERIOD 

While sexual eggs of Cladocera ordinarily do not hatch until a resting 
period (shortened by desiccation) has been passed through, Miss Wood 
found a sexual egg of Moina macrocopa that developed normally and was 
nearly ready to hatch in almost as short a time as a parthenogenetic egg. 
Another line from another locality and not bred so long parthenogenetically 
showed the same phenomenon. Indeed, it appeared that nearly all of such 
sexual eggs will hatch without the resting period. It is suggested that this 
unexpected result might not occur under the temperature conditions ordi¬ 
narily prevailing when these sexual eggs are produced in nature. 

ADMINISTRATIVE RECORD 

The combined libraries of the two sections of this Department, as of 
June 30, 1931, comprised 13,700 books. To the archives of the Eugenics 
Record Office were added 49 books, 750 “Records of Family Traits,” and 
3500 special trait sheets. Some 37 collaborators, mostly from educational 
institutions sent in collections of “Records of Family Traits.” 
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MELTING TEMPERATURES OF GRANITE AND BASALT 1 

During the closing years of the last century and the opening years of 
the present one a number of attempts were made, usually for purposes of 
theoretical generalization, to compare the melting temperatures of natural 
rocks of granitic with those of basaltic composition, by heating small speci¬ 
mens until they softened in laboratory furnaces. While different experi¬ 
menters obtained quite different values for these temperatures, all agreed 
in placing the melting temperatures of granitic or rhyolitic rocks above 
those of basaltic rocks. At that time these results were generally accepted 
without question. 

At present the opinion of petrologists appears to be divided on the ques¬ 
tion whether, in nature, the granitic rocks or the basaltic rocks crystallize 
and melt at the higher temperature. The high temperatures of the early 
experiments upon granitic or rhyolitic rocks are still cited, and a few geolo¬ 
gists have described field occurrences which they consider to support this 
conclusion. On the other hand, during recent years, probably the majority 
of students of the subject have come to believe that granites and rhyolites 
have crystallized at lower temperatures than rocks of basaltic composition. 
There are a number of lines of reasoning drawn from laboratory and field 
studies of rocks which suggest this view. 

The apparent inconsistencies among those early melting experiments, 
though often ignored, or explained as due to the loss of volatile constituents 
during crystallization, have undoubtedly been a factor in favor of the 
change. Many petrologists, for example, have considered that granites 
crystallize from magmas that once contained much material (chiefly water) 
which is not now present in the crystallized rock but which escaped during 
the crystallization process. So long as these volatile substances were pres¬ 
ent in the magma they were held to account for a great lowering of the 
crystallization temperatures so that the solidified rock from which they have 
escaped can not now be melted save at the high temperatures indicated by 
the first experiments. Basaltic magma, on the other hand, was thought to 
contain less of volatile material and so to be less affected by the loss during 
crystallization. Almost every conceivable shade of opinion on this subject 
has been expressed, yet only a very few writers have persistently held that 
granitic rock free from volatile ingredients would melt or crystallize at any 
lower temperature than a correspondingly volatile-free rock of basaltic 
composition. 

During recent years there has been much interest in speculations about 
the past history and present condition of the outer portions of the eartti. 
The question of the temperatures at which the rocks composing these outer 
portions may be expected to flow is of immediate importance in many of 
these considerations. Since no measurements of the melting temperatures 

1 Situated in Washington, District of Columbia. 

* J. W. Greig, E. S. Shepherd, H. E. Merwin. 
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of granitic rocks have been made in recent years, some, seeking a definite 
figure and perhaps with an eye to the support afforded thereby to a par¬ 
ticular conclusion, have simply used the old data which showed the higher 
melting temperatures for the granite; others, inquiring more carefully into 
the subject, have been surprised to learn that these temperatures are not 
generally recognised and that there is no unanimity of opinion among 
petrologists as to which of these wide-spread rock types, granite or basalt, 
would melt at the lower temperature. 

DBPINABLB RE8ULTS. THE QUBSTION OP EQUILIBRIUM BETWEEN THB 

COMPONENT MINERALS 

Even a very cursory examination of the accounts of the early experiments 
shows that no effort was made to discover temperatures of melting which 
corresponded to definable conditions of equilibrium .between the rather 
heterogeneous group of minerals which go to make up a granite. This con¬ 
sideration may appear purely theoretical and negative, but it becomes of 
great weight when we consider the sluggish nature of many of the reactions 
which must take place during the melting of rocks of granitic composition. 
This sluggish behavior was amply demonstrated at the very beginning of 
modem work on silicate equilibrium when it was found that alkali feld¬ 
spars could be held for considerable periods of time at temperatures well 
above their melting temperatures and would melt only with extreme slow¬ 
ness in this region of instability. 1 This being true, one must exercise 
foresight before accepting the results of laboratory experiments on complex 
materials where the question of equilibrium is involved, to be sure that the 
experimental work establishes any definable condition of equilibrium be¬ 
tween the component parts of the complex mixture. The early experiments, 
made simply by heating a rock until it flowed, were in fact quite inadequate 
to furnish any information on the question they were supposed to answer, 
and this entirely apart from the question of volatile constituents. 

Although our systematic knowledge of equilibrium in silicate systems has 
advanced steadily in the last twenty-five years, it is still confined to rela¬ 
tively simple systems and can not fully define mineral relationships either 
for the natural rocks or for the products obtained by removing the volatiles 
from them. An answer to this question that would be independent of 
theories as to the mode of origin of the rocks could be obtained only by 
direct experiment with the rocks themselves and with proper respect for 
these limitations. It was decided, therefore, to attempt to obtain an answer 
in this way. 

The first and more limited purpose of the work has been stated above. 
It also seemed probable that, by extending the scope of the investigation 
to cover a range of compositions, and by studying the effect of this varia¬ 
tion on the temperature and composition of the first crystalline phase or 
phases to form from the melts, information would be obtained which would 
throw some light on the crystallization processes of the rocks themselves. 
To obtain this range of compositions it was planned to use a series of 
natural rocks, and to vary their compositions somewhat by additions of the 
important oxides. This second objective, while of wider scope, is of less 

1 Day and Allen, Isomorphism and thermal properties of the feldspars, Carnegie I net. 
Wash., Pub. No. 31, 1905. 
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general interest than the first; and, while work on the first has been eon- 
eluded, that on the second has not yet reached the stage where a report on 
it is desirable. 

LABORATORY EXPERIMENTS 

When the temperature of a rock is slowly raised, liquid begins to be 
formed by reaction between those mineral grains which are actually in 
contact. If the temperature is held constant, the rate at which liquid is 
formed decreases until finally there is no longer an appreciable increase in 
its amount. If the temperature is then raised the quantity of liquid in¬ 
creases at the expense of the remaining crystals. We have here a slow 
approach to a condition of equilibrium, and a gradual decrease in the rate 
of approach. It is possible to eliminate the time factor by fixing the upper 
limit of the melting interval and so to determine the temperature of complete 
melting at equilibrium. This temperature is determined for any mixture as 
lying below a temperature at which an originally crystalline charge becomes 
completely liquid and above a temperature at which crystals grow in an 
originally homogeneous liquid of the same composition. At temperatures 
below that of complete melting, it becomes increasingly difficult to deter¬ 
mine the condition at equilibrium, and it is quite impracticable, even if it 
were of any value, to determine the lowest temperature at which liquid 
would begin to form in the case of the granitic rocks. When it is recalled 
that rocks of the same bulk composition may vary to a greater or less 
degree in mineral composition, and that the lowest temperature at which 
liquid would be formed depends on the composition of the minerals in actual 
contact, it is evident that the temperature at which liquid could be formed 
would vary in rocks of the same composition. This would not be the case, 
of course, were equilibrium to be completely established within the rock; 
but as this is quite evidently not accomplished during slow cooling near the 
surface of the earth, there is no hope to approach it in the laboratory. The 
effort in this investigation has been accordingly to establish the temperature 
of complete melting at equilibrium, and at the same time to make such 
observations as may be practicable on the amount of local melting that took 
place at lower temperatures during the time of the experiments. 

GRANITE MELTS AT LOWER TEMPERATURES THAN BASALT 

This is not an appropriate place to describe in detail the experimental 
work or to present the data obtained. It will be sufficient to note briefly 
the general results. The experimental work shows conclusively that rocks 
of granitic composition, granites, rhyolites, or obsidians, when heated in the 
laboratory so that they are essentially free from volatiles, melt 1 completely 
at equilibrium at lower temperatures than basalts correspondingly free from 
volatiles. While there is a considerable difference between the temperatures 
of complete melting of typical granite and basalt, there is a much greater 
difference between the lowest temperatures at which melting becomes appre¬ 
ciable in these rocks. At how low a temperature it would have been possi¬ 
ble to realise melting in granite by indefinitely increasing the time can not 
be said, for at such temperatures the reactions are exceedingly sluggish. 
Melting was plainly demonstrable in a particular type specimen, however, 

1 By melting is meant the change from the crystalline to the liquid state. 
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at 700°, and some melting probably took place at 570 9 . In one week at 
800° powdered granite became hall liquid, so granite freed from volatiles 
would certainly flow at lower temperatures if given sufficient time. In 
contrast to this it required a temperature approximately 300° higher to 
develop a corresponding degree of melting in the basalts. 

THE VOLATILE COMPONENTS 

It is entirely evident from this that the fact of crystallisation of granites 
at lower temperatures than basaltic rocks is not dependent on the water or 
other volatile content of the magmas from which they crystallized and 
which afterward escaped during crystallization. Whether volatiles have in 
fact lowered the temperatures of crystallization of granitic more than of 
basaltic magmas is a question to which these experiments give no answer. 
But if this is indeed the case, the experiments show that it is simply an 
accentuation of a relationship that exists even in the dry melts. 

It can no longer be argued that, although the granites did crystallize at 
lower temperatures than the basaltic rocks, they did so because of the vola¬ 
tiles then in the magma, and that they can not melt with their present low 
content of volatiles until a temperature is reached above that necessary to 
melt the basalts. There is no reason to doubt that, with the really great 
difference in the temperatures necessary to cause flow in the dry rocks, this 
same relationship will obtain with the natural rocks which uniformly con¬ 
tain but a small amount of volatiles. So in any supposed large-scale re¬ 
melting of the surface layers of the earth, 1 where the rise of temperature is 
necessarily slow, and where one can not look for any significant change of 
volatile content during the process, either by access or escape, it must be 
considered that granites will melt and flow at much lower temperatures 
than basalts. 

OASES IN ROCKS AND VOLCANO GASES 2 
INTEGRITY OP VOLCANO GASES 

The “mephitic vapours” of solfataras and hot springs as well as the more 
spectacular discharges of similar gases from volcanoes have been observed 
from earliest times. In the last hundred years chemical progress has so 
far advanced that some courageous and perhaps over-zealous students have 
made attempts to determine the composition and source of such exhalations. 
Opportunities for good gas collections at actively erupting volcanoes are 
rare, so that investigators have usually had to content themselves with 
secondary sources such as cracks in lava streams or fumaroles selected to 
be as near to the volcanic vent as human limitations permitted. These 
secondary sources of gas leave much to be desired from the chemist’s view¬ 
point. The well-known catalytic and adsorptive properties of the ash or 
the country rock serve to cloud the interpretation of the analytical results, 
however careful the laboratory study. When it happens that the volcano is 
perched on the top of several thousand feet of limestone (Vesuvius) or other 

& In the absence of any positive information about the relative effects of pressure on 
the temperature ranges over which melting takes place in these rocks, the effect of pres* 
sure on this relafioncfaip will probably be ignored in such speculations* In any case it 
seems extremely improbable that the pressures involved would reverse the relationship. 

*E. 8. Shepherd. 
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sedimentary rock, or the gas is collected after bubbling up through some 
fathoms of sea-water (Fouqu£’s studies) the chemist can not announce 
convincing conclusions. Even with the best of conditions, as for example in 
Jaggar’s splendid collections from the lava lake at Kilauea, it is always 
possible for the hypercritical to insist that the original magmatic gases may 
have shifted their equilibrium conditions in transit to the surface, and that 
contamination from the country rock may quite mask the original nature 
of the magmatic gases. To such criticism one can but reply that while we 
may never be able to determine the amount or the real nature of the gases 
in the depths of the earth, if there are any, we can under favorable condi¬ 
tions now obtain more precise knowledge of the gases which reach the sur¬ 
face than formerly. 

In accordance with this more humble conception of the problem, the 
Geophysical Laboratory has for some years been engaged in analyzing such 
volcano gases as were obtainable, as well as the gases obtained by heating 
lavas and relevant rocks in vacuo. Methods for the analysis of these com¬ 
plex mixtures have had to be worked out as the study proceeded, but we 
now have competent methods for determining most of the constituents. A 
few important elements, especially fluorine, are still subject to great error 
in determination. In such cases one can but follow the same procedure 
each time in the hope that the relative quantities will not be wholly without 
significance. 

QA8ES OBTAINED BV REHEATING LAVAS 

A comparison of the gases obtained at Kilauea and those extracted from 
fresh lava from the same vent by reheating it in vacuo to melting, shows 
them to be essentially identical in their components so that one may now 
infer the nature of the gases active in an eruption from the study of the 
gases still retained in the fresh lava from the same source. This, in itself, 
is notable progress in a field so inaccessible. Indeed as our studies advance, 
there seem to be no greater differences between the quantities of the different 
gases as between one volcano and another than are found between different 
collections from the same volcano. The same elements appear in all lavas, 
but the ratios Bhow wide variation, just as they do in the gases collected 
from the lava lake at Kilauea. One factor in smoothing out such varia¬ 
tions as might otherwise appear is the overwhelming preponderance of 
water vapor in all of them. Whether in Hawaii or the West Indies, water 
vapor constitutes 80 to 90 per cent of the total gas composition and a simi¬ 
lar predominance appears in the volatiles obtained from igneous rocks in 
vacuo. 

Notwithstanding this, the other constituents are not without influence 
upon the secondary phenomena of volcanism. There is the well-known fact 
of field observation that the initiation of a new phase of activity is usually 
preceded by an increase, or the appearance of relatively large amounts, of 
the halogens, while the decadent phases of the eruption are dominated by 
increasing amounts of the less volatile compounds of sulfur. The rule must 
be applied with some discretion but it seems now well established. It is 
regrettable that satisfactory field determinations for these elements have 
not yet been devised. 
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If we assume that the granites, diorites, and diabases or gabbros repre¬ 
sent the crystalline form of the lavas of corresponding composition, it is 
important to know something of the volatiles still resident in such typical 
rocks. Work in this direction is not entirely satisfactory since the personal 
judgment enters into the selection of the material to be analyzed. Thus 
hardly noticeable amounts of alteration of the rock may furnish overwhelm¬ 
ing amounts of water in the final result. We may suppose that it was for 
this reason that earlier investigators omitted, in most cases, the determi¬ 
nation of the water in the rocks studied. 

LABORATORY RESULTS 

For example, our “standard” granite selected for uniformity of grain and 
freedom from alteration comes from Stone Mountain, Georgia. It yields 
under our standard conditions of procedure (1200° C. and 760 mm.) 34 c.c. 
of gas per gram of rock of which 90 per cent is water. The granite from 
Barre, Vermont, which contains varying amounts of calcite, yields 57 
c.c./gm. of which 70 per cent is water. An apparently “fresh” diabase from 
Granton, New Jersey, gave 90 c.c./gm. of which 92 per cent was water. 
An examination of a thin section cut from this rock showed thin lines of 
sericite scattered through it. The diabase from near Frederick, Maryland, 
free from such traces of alteration, yielded but 30 c.c./gm. of gas of which 
90 per cent is water. 

Such variations tend to discourage those who had hoped to find a relation 
between the volatiles in different types of rock and their mineral composi¬ 
tion. Be that as it may, the geologist’s problem is not satisfied by the 
convenience of the criteria for classification, but by the identification and 
determination of the volatile constituents released from a given igneous 
mass if its temperature and pressure relations are greatly altered. It is the 
available volatiles in conjunction with the temperature and pressure 
changes which determine whether any given mass can be fused or rendered 
mobile by the forces at work within the earth’s crust. 

While generalizations- are not yet justified by the results obtained with 
this group of type rocks any more than they are by the lava data, there are 
certain figures which because of their frequent recurrence we have come to 
regard as “normal” for unaltered crystalline material. Any great variation 
from these figures is a sufficient cause for a more searching examination of 
the specimen in question. Thus for fresh lavas we expect to obtain from 
5 to 10 c.c. of total volatiles per gram of rock. None of the fresh lavas has 
shown a higher figure and the few which contain notably less than 5 per 
cent show indications of having been “baked” or partially remelted. The 
crystalline rocks if free from sericite give about 30 c.c. total volatiles per 
gram of rock, and this is true for diabase, granite and the Henry Mountains 
laccolite. On the other hand these values may reach any magnitude, if for 
any reason the volatiles were unable to escape from the rock during crystal¬ 
lization. 

It is unfortunate that the method for determining the true water content 
should be so cumbersome. As we have several times pointed out, the values 
for total water as determined on a rock powder in routine analysis are quite 
misleading when it is desired to discriminate between rocks in this particu- 



GEOPHYSICAL LABORATORY 


81 


lar. Thus the dense glassy obsidian from Yellowstone Park shows 0.2 per 
cent water when determined from the powder, but when determined from 
chips in vacuo it shows 0.01 per cent H 2 0. Similar volcanic glass from the 
Coso Mountains shows 0.26 for the powder and 0.02 for chips. The figures 
may at times be reversed, as was shown in the case of the bread-crust bomb 
from Martinique. 

VOLATILE MATTER IN OBSIDIANS 

The presence of volatile matter in obsidians has long attracted our atten¬ 
tion, chiefly because of the astonishing quantities of water obtained from 
some of them. Many, however, turn out to be quite as surprisingly low in 
gas content. Here again we may note that water determinations made on 
casual hand specimens may not tell us much more than the already well- 
known fact that such rocks may contain water. It requires the study of 
series of specimens whose geological relationships are known to furnish 
really useful and trustworthy information. Dense glass from surface flows 
in the Coso Mountains and from Little and Big Glass Mountains in Cali¬ 
fornia agree in containing very little volatile matter, less even than the 
lavas which issue hot from volcanic vents. The values run from 1 to 1.5 
c.c./gm. for the obsidian as compared with the usual 5 to 10 c.c. for lavas. 
Slightly vesiculated material an inch distant in the same hand specimen 
yielded 5 c.c./gm. and a compressed pumice a few feet farther away gave 
up 30 c.c./gm. The capacity of pumice to absorb water renders such com¬ 
parisons deceptive. 

Other dense black glasses have yielded different results. A clear dark 
glass from Cerro Noagua, New Mexico, contains over 1 per cent of water 
and 55 c.c./gm. of volatiles. The same region furnishes a white glass with 
more than 3 per cent of water (214 c.c./gm.). Unfortunately neither of 
these glasses was observed in situ and their geological relationships are 
unknown. Goranson’s recent study of the solubility relations of such glasses 
(reviewed on page 98) will be of great value in defining the conditions 
under which they could have formed. 

Of all the types of rocks examined in this study, the obsidians are the 
most puzzling. Both physically and chemically they seem to be abnormal. 
Not only do they show great, and from one to another, irregular variations 
in volatile content, but they do not show concentrations of those elements 
which are present in traces in related crystalline rocks and which one might 
expect to find, if, as is sometimes assumed, these glasses represent the 
residual mother liquor from a differentiating magma. Of course in such a 
complex system it may very well be true that the common experience with 
simple crystallizing liquids leads to short-sighted conclusions, and that 
we are still far short of a competent and an adequately comprehensive 
appraisal of all the forces which participate in these segregations. 

SUMMARY OF TENTATIVE CONCLUSIONS 

Summarizing the progress thus far made we reach the following tentative 
conclusions: 

1. The volatiles obtained from active volcanic vents and from fresh lavas 
from the same vents are essentially identical and agree in having water as 
the main constituent—80 to 90 per cent of the total gas content. 
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2. Among the minor constituents, hydrogen and the oxides of carbon 
show widely varying ratios, as might be predicted from the sensitiveness of 
these gases to reactions with the oxides of iron which are always present. 

3. Marsh gas (CH«) was reported by most of the earlier students in this 
field. In our experience it is never present in determinable amounts in the 
gases collected from the lava lake at Kilauea or in the gases obtained by 
heating the lava in vacuo. Its presence appears rather to indicate contami¬ 
nation from the country rock. It does of course occur in large amounts in 
hot springs and fumaroles. We have not obtained it by heating unaltered 
crystalline rocks. 

4. Argon and helium do not appear to be concentrated in volcanic exha¬ 
lations nor are they found in the crystalline volcanic rocks. They do not 
appear in the Stone Mountain granite which has been shown to be unusu¬ 
ally radioactive. Neither is there any excess of them ifo the Henry Moun¬ 
tains laccolite which lies just west of a region noted for its rare metals. 
Some obsidians show no rare gases at all. 

5. While no fixed magnitudes can be established, we find a certain regu¬ 
larity in the gas content of fresh lava and of fresh igneous intrusives, such 
as granite, diabase, etc. The lavas yield rather uniformly between 5 and 
10 c.c. of total volatiles under our standard conditions and the intrusives 
about 30 c.c. per gram of rock. Any notable decrease invites further exami¬ 
nation into the associations of the rock to see whether it may not have been 
reheated or “baked.” Larger amounts suggest alteration which is often 
demonstrable microscopically. There are no rigorous rules which can be 
applied always and without regard to other considerations. 

6. Volatiles released from igneous rocks when temperatures rise or pres¬ 
sures diminish are of a kind to effect alteration in neighboring rocks. Along 
with the water occur hydrogen, halogens and sulfur in rather large amounts. 
Certain metallic elements such as copper, zinc, molybdenum, and others 
not usually regarded as volatile are also expelled in rock distillation. 

7. Most of the dense glassy obsidians examined have proved to be sur¬ 
prisingly low in volatiles (1.1 to 2.0 c.c./gm.), much lower than fresh lavas. 
They are also unexpectedly free from concentrations of those rarer elements 
which might be expected in a residual mother liquor. There appears to be 
a relationship between vesiculation and water content, but more conclusive 
evidence is needed to establish it quantitatively. 

8. For purposes of discrimination based on the volatile content of rocks 
it is imperative that determinations be made on coarse fragments and not 
upon fine powders. Analyses which are undertaken without full knowledge 
of field relations are more likely to be misleading than illuminating. 

THE SYSTEM COPPER-IRON-SULFUR 1 

A previous report (q.v., Year Book No. 25, p. 62) pointed out the mode 
of attack and indicated the preliminary results for certain special problems 
presented by the system Cu-Fe-S. Continuing with this investigation the 
main task so far has been to locate the field boundaries and to run a series 
of isotherms at a sulfur vapor pressure of 455 mm., and at temperatures 

1 H. E. Merwin. B. H. Lombard. 



GEOPHYSICAL LABORATORY 


83 


from 925° down to 440°. Under these conditions no liquid phase is present. 
(This work is now ready for publication.) 

VAPOR-SOLID PHASES AND ISOTHERMS AT 45S mm. SULFUR VAPOR PRESSURE 

At higher equilibrium temperatures ternary solid solutions exist, which 
unmix more or less when cooled for examination. The textures produced 
by unmixing vary, but they have to be considered in drawing phase 
boundaries. 

Because of the increase of sulfur with fall of temperature, every point 
used in locating isotherms represents a chemical analysis. The shape of an 
isotherm traversing a field is determined by the type of the field. In a field 
with one solid phase, that is, a ternary solid solution, the shapes of the 
isotherms must be found by experiment; in a field containing two solid 
phases, the isotherms are straight lines joining compositions which are 
stable at the same temperature; in a field containing three solid phases, the 
single isotherm expands into an isothermal area. 

At temperatures almost high enough to cause melting, the sulfide richest 
in Cu is a chalcocite (Cu 2 S) solid solution with about 1 per cent excess 
sulfur and 20 per cent iron. The sulfide of intermediate composition is a 
solid solution close to the compound Cu 8 Fe 4 S«, and the iron-rich sulfide is a 
pyrrhotite (FeS) solid solution with about 1 per cent excess sulfur and 
about 3 per cent copper. 

Falling temperature through the range 925° to 678° is accompanied by 
increased sulfur content of all three phases. Thus, displacing an isotherm 
toward sulfur and nearly parallel to itself gives another isotherm for a 
lower temperature which passes through the same fields as at the higher 
temperature. At 678° the pyrrhotite solid solution combines with sulfur to 
form pyrite (FeS 2 ) and a little of the intermediate solid solution. 1 At all 
lower temperatures pyrite is the stable iron-rich phase. At 545° the inter¬ 
mediate solid solution 2 combines with sulfur to form pyrite and a chalcocite 
solid solution." No intermediate phase is present until cooling has reached 
483°, at which temperature these two phases—pyrite and chalcocite solid 
solution 4 —combine with sulfur to form a new ternary compound, Cu 5 FeS«. 
Between 483° and 467° this ternary compound and its solid solutions with 
GuS (covellite) are stable, together with chalcocite solid solutions on one 
side and with pyrite on the other. Finally, at about 446° this ternary com¬ 
pound combines with sulfur to form pyrite and covellite, which two phases 
remain stable as cooling to room temperature takes place. 

The chalcocite solid solutions just considered contained from 9 to 5 per 
cent of iron. But a chalcocite containing no iron combines with sulfur at 
49o° to form covellite. Thus from 49o° down to 467° covellite exists in 
contact with chalcocite solid solutions containing successively higher 
amounts of iron up to 5 per cent. 

PHA8ES PRESENT IN CONTACT WITH LIQUID * 

Melts of chalcocite and pyrrhotite, or of either of them with the inter¬ 
mediate solid solution, when quickly cooled, rarely show eutectoid textures, 
probably because variable sulfur vapor pressure does not permit a eutectic 

The percentage* of Cu, Fe, and S respectively are as follows: 

>29., 3fl., 35.1; >514,19.1, 29.1; >54.5,17.0, 28.6; >65.1,9.0,254. 
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composition to be reached. As sulfur increases in the liquid, the melting 
temperatures of the intermediate solid solutions decrease markedly. 

ISOTHERMS AT PRESSURES OTHER THAN 4SS mm. 

With changes of either temperature or pressure, the sulfur content of 
pyrrhotite solid solution changes about twice as much as chalcocite solid 
solution. Intermediate compositions change intermediate amounts. Here 
an isotherm at a given temperature and pressure practically coincides with 
one at a higher temperature and pressure, and the phase boundaries are 
crossed at practically the same places. 

In the range of conditions—temperature about 500°—under which covel- 
lite and Cu t FeS« lose sulfur to form chalcocite solid solution, a rise of tern* 
perature of 12° is about equivalent to a rise of pressure of 300 mm. 

PHASE CHANGES IN SOLIDS DURING COOLING < 

Special investigations of these changes are under way, but some of the 
general features may be mentioned. 

From the sulfur-poor chalcocite solid solutions metallic copper segregates 
as hair-like surface coverings of grains—amounting in extreme cases to as 
much as 7 per cent of the weight. Chalcocite solid solutions containing too 
much sulfur for separation of metallic copper may unmix into a copper-rich 
chalcocite and a member of the intermediate solid solution system or 
bornite. Such unmixing may be accompanied by or induced by an inversion 
in the chalcocite. 

The intermediate solid solution system presents many possibilities of 
unmixing. Those compositions that are intermediate between cubanite and 
chalcopyrite are known to unmix, likewise those that are very copper-rich. 

Pyrrhotite solid solutions show a sharp break in magnetic properties 
about midway of the sulfur content. 

X-RAY AND THERMAL ANALYSIS IN THE SYSTEM 
COPPER-IRON-SULFUR 1 

Investigation, by means of X-rays, of atomic arrangement in the system 
Cu-Fe-S was undertaken with two objectives in view: (1) At ordinary tem¬ 
peratures the phase relations for much of the system are different from 
those which hold at the higher temperatures previously investigated and in 
many cases this additional line of evidence is needed to elucidate them. 
(2) The system affords an opportunity to determine what particular ar¬ 
rangements atoms of three very different elements adopt when in combi¬ 
nation. This is of particular interest since, of the two cations, iron is 
known to enter into structures of the coordination type while copper is 
supposed not to do so. 

PYRITB AND COVELLITE 

The pyrite structure as determined by Bragg is of the coordination type, 
each iron atom is surrounded by six sulfur atoms at the comers of a some¬ 
what distorted octahedron and adjacent octahedra have an edge, i.e., two 
sulfur atoms, in common. In the covellite structure as determined by 
Roberts and Ksanda, the copper and the sulfur atoms are so nearly of the 
same size that the coordination type is not possible. 

1 H. S. Roberts. 
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BINARY SOLID SOLUTIONS 

Each of the two remaining binary sulfides forms a series of solid solutions 
extending from the pure compound to compositions richer in sulfur. Each 
exhibits a high-temperature and a low-temperature form and in every case 
the crystal molecule contains a large number of atoms. 

The pyrrhotite (FeS+S) solid solutions appear in one or the other of two 
low-temperature forms depending on whether they contain more or less 
than about 7 molecular per cent excess sulfur (the boundary is close to the 
composition FeSi. 0 r). The low-temperature low-sulfur form is not appre¬ 
ciably magnetic and in the X-ray spectrometer gives a pattern which agrees 
with hexagonal symmetry. The low-temperature high-sulfur form is 
strongly magnetic and gives a pseudohexagonal pattern whose true sym¬ 
metry is probably orthorhombic. There is no evidence at present to 
indicate more than one high-temperature form. However, a new X-ray 
spectrometer is now in use in which the powder specimen may be main¬ 
tained at known temperatures up to the melting point of aluminum. With 
this it should be possible to locate any abrupt change in structure with 
composition. 

Thermal analysis of these solid solutions is still in progress, but enough 
data have been obtained to trace provisionally the course of the curve con¬ 
necting transformation temperature and composition. Pure FeS inverts 
promptly at 140°; with increasing sulfur content the transformation tem¬ 
perature is lowered and the inversion, particularly on cooling, becomes more 
sluggish. At 7 molecular per cent excess sulfur the transformation has 
fallen below room temperature, or at least the rate has become so slow that 
the inversion could not be detected in a preparation that had been stored 
at room temperature for several years. At about 8 per cent it reappears, 
on heating, and reaches 320° by about 12 per cent excess sulphur beyond 
which composition it remains stationary. 

In 1909 Allen, Crenshaw, Johnston and Larsen prepared crystals of fer¬ 
rous sulfides by the action of H 2 S on solutions of ferrous salts in sealed 
tubes. Crystals prepared in this way at 80° were found to be hexagonal, 
while those prepared at 200° were orthorhombic and were strongly mag¬ 
netic. The former were naturally believed to be the low-temperature and 
the latter the high-temperature form of pyrrhotite. Various crystallographic 
and magnetic investigations, however, suggest that the true symmetry of 
the low-temperature form is probably not higher than orthorhombic. These 
hitherto conflicting observations may now be reconciled. Since the crystals 
prepared at 200° were magnetic they must have contained at least 7 per 
cent excess sulfur; if they contained as much as about 9 per cent, they must 
have formed within the stability range of the high-sulfur low-temperature 
form and although orthorhombic were presumably identical with natural 
pyrrhotite. 
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PUBLICATIONS 

(723) A micro-furnace for temperature* above 1000°. H. S. Roberts and G. W. Morey. 

Rev. Sci. Instr. 1, 076-580. 1830. 

The furnace consists essentially of a strip of platinum-rhodium ribbon 
bent into the form of the letter “U.” It is heated electrically and its tem¬ 
perature measured by an optical pyrometer. Temperatures as high as 
1850°C. may be reached with it and the readings of the pyrometer at sharp 
melting points may be duplicated readily to within 10°. 

(724) A ®pherical projection chart for use in the study of elliptically polarized light. 

F. E. Wright. J. Opt. Soc. Amer. 20, 529-564. 1930. 

The constants of an elliptical vibration are determined by transforming 
it either to a rectilinear vibration or to one of small, known ellipticity and 
then measuring the azimuth of the transformed vibratioq. From these 
measurements the constants of the elliptical vibration can be computed or 
ascertained by graphical methods. For this transformation, crystal plates 
of known thickness and birefringence are used. In each one of a series of 
transformations the incoming vibration is referred to the axes (a', y') of the 
crystal plate along which the vibrations take place on passage through the 
plate; the phase lag or lead, introduced by the plate, is then added; and 
the form of the vibration emerging from the plate is thus ascertained. This 
procedure is repeated for each crystal plate and for the analyzer. Poincar6 
showed in 1892 how the relations of any given elliptical vibration can be 
represented by a point on a sphere or in a stereographic projection. His 
graphical method of representation is now in general use. In this connec¬ 
tion a specially prepared angle or stereographic projection chart, as a base, 
greatly facilitates the graphical solutions. A brief description of this chart 
and of the methods developed for its use, as applied to the derivation of the 
equations and to the solution of problems in elliptical vibrations, is pre¬ 
sented. 

Throughout the paper the effect, on a given elliptical vibration repre¬ 
sented by a point in the projection, of changing from one set of reference 
coordinate axes to a second set is obtained in the projection by a rotation 
about the vertical, N-8, axis through twice the angle between the sets. 
Similarly the effect of the introduction of a phase angle, <j>, by a crystal 
plate on a given elliptical vibration, referred to the vibration axes (o', y') 
of the crystal plate and represented by a point in the projection, is obtained 
by a rotation of the projection about the horizontal, E-W, axis through 
the angle, <f>. 

(725) The melting curve of sodium chloride dihydrate. An experimental study of an 
incongruent melting at pressures up to twelve thousand atmospheres. L. H. 

Adams and R. E. Gibson. J. Am. Chem. Soc. 52, 4252-4264. 1930. 

* 

Under atmospheric pressure sodium chloride dihydrate melts incongru- 
ently at 0.1° forming sodium chloride and saturated solution. This trans¬ 
formation was found to take place with an increase in volume (0.037 cm* 
per gram of NaC1.2H 2 0 at atmospheric pressure) and hence the tempera¬ 
ture of the incongruent melting is raised by pressure. This transformation 
point was determined up to 12,000 bars (metric atmospheres) by direct 
measurement and also indirectly by measurements of the volume changes. 
The melting curve starts at 0.1° at atmospheric pressure with an initial 
slope of 7.05° per- kilobar. The slope decreases rapidly with increasing 
pressure, finally becoming zero, so that the curve passes through a maximum 
at 9500 bars and 25.8°. 



GEOPHYSICAL LABORATORY 


87 


The volume change was measured at one bar in a dilatometer, and at 
various pressures up to 12,000 bars by two different methods. The density 
of NaCl.2H 2 0 at 0.1° and one bar was found to be 1.630, and its mean 
compressibility between 6000 and 12,000 bars at about 22°, 4.8X10 - * per 
bar. From the slope of the melting curve and the measured volume 
changes, the heat of inversion of NaC1.2H 2 0 was calculated and found to 
be 32 cal. per gram at atmospheric pressure, and practically the same as 
this at higher pressures. 

A secondary pressure increase, that is, a continued rise of pressure fol¬ 
lowing a sudden increase, was observed at pressures near the maximum on 
the curve, and an explanation is given for this phenomenon. 

(726) The system Na,S0 4 ~NaF-NaCl-H a O. I. The ternary systems with water and two 

salts. II. The quaternary system at 25 and 35°. H. W. Foote and J. F. 

Schairer. J. Am. Chem. Soc. 62, 4202-4217. 1930. 

Solubility determinations were made and the solid phases identified by 
chemical analysis and optical examination for the ternary system, Na 2 S0 4 - 
NaF-H 2 0, at 35°, 25°, 15°, and 10°C., and for the ternary systems, 
NaF-NaCl-H 2 0, and Na 2 S0 4 -NaCl-H 2 0, at 35° and 25°C. These data 
are presented by tables and graphically by space models. The crystallo¬ 
graphic and optical properties of the double salt, Na 2 S0 4 .NaF, were 
measured. 

Solubility isotherms for the quaternary system,Na 2 S0 4 -NaF-NaCl-H 2 0, 
were determined at 25° and 35°C. At these temperatures in the four- 
component system the double salt, Na 2 S0 4 .NaF, has a limited amount of 
chloride in solid solution which replaces an equivalent amount of fluoride. 
No indication of the mineral sulphohalite, 2Na 2 S0 4 .NaF.NaCl, has been 
obtained at these temperatures. 

A graphic method is presented to show the relation of the composition of 
anhydrous solid phases to the solutions in equilibrium with such phases in 
quaternary systems composed of water with three salts containing a com¬ 
mon ion. 

(727) The binary system Li,0-SiO a . F. C. Kracek. J. Phys. Chem. 34, 2641-2650. 1930. 

Three compounds are formed within the binary system Li 2 0-Si0 2 . They 
are the orthosilicate Li 4 Si0 4 , the metasilicate Li 2 SiO g and the disilicate 
Li 2 Si 2 O g . The orthosilicate dissociates at 1255° (incongruent melting) and 
the liquid contains 50.9 wt. per cent Si0 2 . The metasilicate melts at 
1201 ± 1°; the disilicate in turn melts incongruently a£ 1033°, the compo¬ 
sition of the liquid being 80.1 wt. per cent Si0 2 , within 0.05 per cent of the 
composition of the compound. Two eutectic points occur in the system. 
The first is at 1024°, 55.3 wt. per cent Si0 2 , between the orthosilicate and 
the metasilicate. The other eutectic is between the disilicate and tridymite, 
at 1028° and 82.2 wt. per cent Si0 2 . The cristobalite liquidus has a reverse 
S curvature, and the invariant point for the transition from tridymite to 
cristobalite is at 1470° and 91.0 wt. per cent Si0 2 . 

(728) Hooka of the Pribilof Islands. Henry S. Washington and Mary G. Keyes. Am. 

J. Sci. 20, 321-338. 1930. 

The rocks of the wholly volcanic Pribilof Islands, in Bering Sea, are 
mostly basalts, but it is shown in this paper that nephelite basanite occurs 
on St. Paul and that trachyte occurs on St. George, although in much 
smaller amount. Also, some similarly alkaline lavas occur on other islands 
in Bering Sea, the rocks of which are mostly basalt and andesite. This 



88 


CARNEGIE INSTITUTION OF WASHINGTON 


association of alkaline rocks with the greatly predominant basalt is com¬ 
pared with the similar relations among the volcanic islands of the Pacific 
Ocean. Attention is called to recent and possibly present-day volcanic 
activity in Bering Sea. The absence of corals in Bering Sea is held to be 
adverse to the hypothesis that trachyte has been formed from basaltic 
magma by the assimilation of coralline rocks. 

(729) Radium in rocks: II. Granites of eastern North America from Georgia to Green¬ 

land. Charles Snowden Piggot. Am. J. Sci. 21, 28-36. 1931. 

The radium content of seven samples of granites of the eastern United 
States was published in Paper No. 675. In the present paper are given 
redetermined, and presumably more accurate, figures for those same rocks 
and in addition the results of the examination of granites occurring north¬ 
ward through Labrador, Baffin Land and Greenland. The results of critical 
experiments designed to test the reliability of the technique and calibration 
factor used are also given. 

The granites examined do not show close uniformity of radium content, 
but the general average, eliminating two outstanding exceptions, is about 
0.9X10 -12 grams of radium per gram of rock. The exceptions mentioned 
contain about four times this average, but in both cases definite radium 
associations were found which could account for the abnormality observed. 

The average value given above is less than that obtained by Joly and 
others, but is not based on as many measurements. 

(730) The chemical analysis of rocks. Henry S. Washington. 4th edition, 1930. XI 

+ 296 pp. John Wiley and Sons, New York, N. Y. (Price, $4.00.) 

An extensively rewritten and largely revised edition of No. 317, with the 
addition of many new methods. 

(731) Solubilities in the system water-iodine to 200°. F. C. Kracek. J. Phys. Chem. 

36, 417-422. 1931. 

Water-iodine solutions above 112.3° form two liquid layers, the mutual 
solubility increasing with temperature. The solubility curves were deter¬ 
mined to temperatures above 200°. Below 112.3° the solutions are satu¬ 
rated with solid iodine. The composition of the liquid layers at the inva¬ 
riant temperature is 0.0517 and 98.3 mol per cent I 2 respectively. The 
measurements were made by the sealed tube method. 

(732) The system MgO-FeO-Fe,0, in air at one atmosphere. H. S. Roberts and H. E. 

Merwin. Am. J. Sci. 21, 145-157. 1931. 

The system Mg0-Fe0-Fe 2 0 8 has been investigated at temperatures 
above 1000° on the isobar 1/5 atmosphere O*. In the binary system 
MgO-Fe 2 0 8 the only compound found was MgO.Fe 2 0» which dissociates 
slightly on heating and begins to melt at 1750° dfc 25°. Solid solution 
extends from this compound for a short distance toward MgO. In the 
binary system FeO-Fe 2 0 B the stable phase at temperatures below 1386° 
± 5° is a hematite solid solution containing a little less oxygen than Fe 2 0 8 ; 
just above 1386° ±5° the stable phase is a magnetite solid solution con¬ 
taining considerably more oxygen than Fe 8 0 4 , or not more than 20 per cent 
Fe 2 0 8 . 

The ternary system contains two solid solution fields. The first begins 
at MgO below 1000° and extends, with increasing temperature, toward 
Mg0.Fe 2 0 8 and FeO; a liquid phase appears at 1770° ± 25°, where the 
solid contains iron oxide equivalent to 73 per cent Fe 2 0 8 . The second solid 
solution extends, with increasing temperature, from Mg0.Fe 2 0 8 toward the 
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iron oxide boundary which it reaches at 1386° ± 5°; solid solutions of 
about 1 per cent of MgO in MgO.Fe 2 0 8 are possible from 1750° to 1000° 
or below. 

(733) The fictive volumes of sodium sulphate in aqueous solutions of sulphuric acid and 

of iodine in an aqueous solution of ]>otassium iodide. R. E. Gibson. J. Phys. 

Chem. 35, 690-699. 1931. 

From measurements of the specific volumes of two series of solutions of 
sodium sulphate, in the first series 5 per cent aqueous H 2 S0 4 and in the 
second 10 per cent aqueous H 2 S0 4 being the solvent, the fictive volumes of 
Na 2 S0 4 in these solutions were calculated. The curves showing the relation 
between a constant minus the fictive volume and the concentration ex¬ 
hibited peculiarities which were linked with the formation of NaHSO* in 
solution. Measurements of the specific volumes of iodine in a 49 per cent 
solution of potassium iodide showed that in solutions containing from 10 
to 50 per cent of iodine the fictive volume of the iodine is independent of 
the concentration of iodine and is very close to the most probable estimate 
of the specific volume of liquid iodine at 25°. This method of investigation 
gives no evidence of compound formation between potassium iodide and 
iodine in solution. 

(734) Beryllium in minerals and igneous rocks. Henry S. Washington. Am. Mineral. 

16, 37-41. 1931. 

It is suggested that beryllium occurs in rocks and in some minerals much 
more often than has been recognized, it having been mistaken for aluminum 
in the analysis. 

(735) Refraetivity of birefringent crystals. H. E. Merwin. International Critical 

Tables, vol. 7, 16-33. 1930. 

An extract from volume 7 of the International Critical Tables. New 
data on the following are included: Se, NH 4 N0 8 , (NH 4 ) 2 S0 4 , ZrSi0 4 , ZnO, 
HgCl 2 , Hgl 2 , CuS 0 4 .5H 2 0, Agl, FeCO s , FeC 2 0 4 .2H 2 0, Fe 2 (NH 4 )«(C 2 - 
0 4 )«.6H 2 0, CoF 2 .5HF.6H 2 0, NiF 2 .5HF.6H 2 0, Al 2 0 8 .Si0 2 , Mg*Si0 4 , 
CaMgSi 2 0 6 , NaN0 8 , KC10 4 , KI0 4 , KNO s , KHCOg, KHC 2 0 4 , C 2 H 8 N 2 - 
0 4 .H 2 0, Ci 2 H 22 O u . Also on the following sulfates of the type 
R"R 2 (S0 4 ) 2 .6H 2 0: Co-NH 4 , Cu-K, Zn-Tl, Co-K, Ni-Tl, Co-NH 4 , Ni- 
NH 4 , and on Mg(NH 4 ) 2 (Se0 4 ) 2 .6H 2 0, and Mg(NH 4 ) 2 (Cr0 4 ) 2 .6H 2 0. 

(736) The gravity measuring cruise of the U. S. Submarine S-21. F. A. Vening Meiness 

and F. E. Wright. (With an appendix on computational procedure by Eleanor 

A. Lamson.) Publications of the U. S. Naval Observatory, Second Series, vol. 

13, Appendix 1, 1930. x+94 pp. 

Reviewed in Carnegie Institution of Washington Year Book No. 28 for 
the year 1928-29, pp. 73-77 (Annual Report of the Director of the Geo¬ 
physical Laboratory, Laboratory Publication No. 687). 

(737) Glass, its composition and properties. George W. Morey. J. Chem. Education 8, 

421-441. 1931. 

A general discussion of the composition of glass, both ancient and 
modern, and of the fundamental definition of glass as an undercooled liquid, 
in contrast to a crystalline solid. The greater proportion of the glasses of 
commerce are essentially soda-lime-silica glasses, of a composition in or 
near the stability field of the compound, Na 2 0.3CaO. 6SiO a . This com¬ 
pound is characterized by an inherent reluctance to crystallize, and its field 
is one of low temperature and high viscosity. These are the dominant 
factors in making possible the manufacture of glass, causing it to be above 
its freezing point at the temperature at which it is manufactured and 
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worked; and at its freezing point to be too viscous to crystallize. Many 
types of glass have been derived from this original glass composition, by 
multiplying the number of components; but the general requirement of low 
freezing point and high viscosity at the freezing point is fulfilled in all 
satisfactory glass compositions. Analyses and physical properties are 
given of twenty-two types of commercial glasses. 

(738) Som« associations of ore minerals. H. E. Merwin. Am. Mineral. 16, 93-96. 1931. 

A picture is presented of the relations of temperature gradient and depth 

to presence of vapor, liquid, and solid phases in rocks. In one case the 
temperature gradient is so low that the environmental pressure is too high 
to permit a vapor phase. This condition favors at depth a liquid containing 
an abundance of water and silicates. In the other case the temperature 
gradient is sufficiently steep to produce in the liquid of the rock a vapor 
pressure higher than the minimum environmental pressure. The formation 
of vesicles, as well as the interaction of vapor, liquid, and solid as the 
temperature gradient changes, is considered. 

(739) The stability relations of goethite and hematite. G. Tunell and E. Posnjak. Econ. 

Geol. 26, 337-343. 1931. 

The published and unpublished experimental results of Posnjak and 
Merwin in the systems, Fe 2 0 8 -S0 8 -H 2 0 and Fe 2 0.,-HCl-H20, that serve 
to place the transition temperature of Fe 2 0 8 .H 2 0 (goethite) to Fe 2 0* 
(hematite) in the binary system, Fe 2 0 s -H 2 0, at approximately 130°C. are 
summarized. By the transition temperature of Fe 2 0 8 .H 2 0 (goethite) to 
Fe 2 0 8 (hematite) in the binary system, Fe 2 0 8 -H 2 0, is meant the invariant 
point at which Fe 2 0 8 .H 2 0 (goethite), Fe 2 0 8 (hematite), solution, and 
vapor are in equilibrium. J. W. Gruner’s conclusion that “It is probable 
. . . that . . . limonite is stable in the presence of water and under corre¬ 
sponding pressures at temperatures which approach 300°C.” is held to be 
erroneous; his experiments do not furnish any evidence of true stability, 
and it seems only too probable that the “stability of limonite [goethite] 
... in the presence of water and under corresponding pressures at tem¬ 
peratures which approach 300°C.” is only its slow rate of decomposition. 

(740) A portion of the system, ferric oxide-cupric oxide-sulphur trioxide-water. G. Tunell 

and E. Posnjak. J. Phys. Chem. 35, 929-946. 1931. 

The portion of the system, Fe 2 0 a -Cu0-S0 8 -H 2 0, in which the total com¬ 
position is 93.5 per cent or more H 2 0, 6.5 per cent or less Fe 2 0 8 , 6.5 per 
cent or less CuO, and 6.5 per cent or less S0 8 , has been investigated at 
50 °C. with the purpose of applying the results to the problem of the natu¬ 
ral oxidation of the disseminated iron and copper sulphide ore bodies in 
altered porphyry. 

The modes of occurrence, that is to say the crystallographic habits and 
states of aggregation, of the five crystalline phases, Fe 2 0 8 .H 2 0 (goethite), 
3Fe 2 0 8 .4S0„.9H 2 0, CuO (tenorite), 4Cu0.S0 8 .3H 2 0 (brochantite), and 
3 Cu 0.S0 8 .2H 2 0 (antlerite), encountered in this portion of the system are 
described. No double salt has a stability field extending into the limited 
portion of the system. 

Standard X-ray powder diffraction patterns are given for Fe 2 0 8 .H 2 0 
(goethite) and 3Fe 2 0 8 .4S0 8 . 9H s O. 

The data for the saturation surface inside and just outside the limited 
portion of the system are presented in tabular form and the saturation 
surface is also illustrated by means of a model shown in perspective. The 
disposition of the six three-phase curves which lie completely or partly in 
the limited portion is described. 
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(741) The aolnbility of poteaaium iodide in water to 340°. F. C. Kr&cek. J. Phye. 

Chem. 35, 947-940, 1931. 

Measurements of the solubility of K1 in water were made from 50° to 
240° by the sealed tube method. The solubility is large and increases 
steadily with temperature; thus, at 100°, the solubility is 206.4, and at 240° 
it is 338.4 grams El per 100 grams water. 

(742) The interpretation of phaee equilibrium diagrams. George W. Morey. Glass 

Industry 12, 69-80. 1931. 

An elementary discussion dealing with the application of the principles 
governing heterogeneous equilibrium to the devitrification of glass, and 
with the methods of graphical representation of the phase equilibrium rela¬ 
tionships between liquids and crystalline solids. The use of such diagrams 
is exemplified in detail, making use of the binary system, Na 2 0.Si0 2 -Si02, 
and the ternary system, Na 2 0. Si0 2 -CaO. Si0 2 -SiC>2, to illustrate the 
methods of portraying composition in binary and ternary systems, of fol¬ 
lowing the change in composition of the liquid when crystallisation takes 
place, and of following the changes which take place when boundary curves 
are intersected, and when these boundary curves intersect at several differ¬ 
ent types of invariant points. It is pointed out that while equilibrium is 
not met with in those silicate systems of interest in glass technology, never¬ 
theless such phase equilibrium diagrams give information as to the crystal¬ 
lization to be feared with a given glass composition, and the conditions 
under which it may, or may not, take place. 

(743) Physical methods in analytical chemistry. E. G. Zies. Annual Survey of Amer¬ 

ican Chemistry, vol. 5, pp. 108-117. 1930. 

A review of the papers published in 1930. in America, on the use of physi¬ 
cal methods in analytical chemistry. The fundamental importance of 
chemical analysis is discussed; the usefulness and limitations of physical 
methods are described, and a discussion of the electrical, optical and 
electro-optical work done in this field is presented. 

(744) Chemistry of the silicates. George W. Morey. Annual Survey of American 

Chemistry, vol. 5, 457-409. 1930. 

A review for the years 1927-1930 of American studies in silicate chem¬ 
istry, including not only the properties of definite silicates and silicate 
systems, but also the technical aspects of silicate chemistry as applied to the 
ceramic, glass and cement industries. 

(745) The influence of pressure on the solubility of sodium chloride in water. A new 

method for the measurement of the solubilities of electrolytes under pressure. 

L. H. Adams and R. E. Hall. J. Wash. Acad. Sci. 21, 183-194. 1931. 

A method has been developed for determining the effect of pressure on 
the solubility of salts and other substances without the use of a mechanical 
stirrer or shaking device. Essentially the method consists in measuring the 
electrical resistivity of the saturated solution in a special type of conduc¬ 
tivity-cell in which a small amount of the solid is placed at the top and at 
the bottom and in which saturation takes place merely by. convection. 

By this means measurements were made on the solubility-curve in the 
system, NaCl-H 2 0, at pressures up to about 4000 bars (metric atmos¬ 
pheres). This system furnished a severe test for the method, because the 
resistance-concentration gradient (at constant pressure) in the saturated 
solution decreases rapidly with pressure and changes sign at 3000 bars; but 
the final results for the solubility-change agree satisfactorily with previous 
determinations by other means, and indicate that the present method is 
convenient and accurate. 
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(748) Crystallization of pyroxene* from baaalta. Tom. F. W. Barth. Am. Mineral. 18. 

195-208. 1031. 

Optical analyses of pyroxene from a good many basaltic rocks lead to 
the conclusion that pigeonite (i.e., pyroxene low in lime and rich in clino- 
enstatite and/or clino-hypersthene) is by far the commonest ferromag- 
nesian mineral of effusive rocks. In crystallizing from a basaltic magma 
the pyroxenes form a continuous series of mix-crystals from diopside-rich 
to clino-hypersthene-rich, during which the content of MgSiO s may remain 
constant or increase slightly. 

(747) The influence of hydrostatic pressure on the critical temperature of magnetization 

for iron and other materials. L. H. Adams and J. W. Green. Phil. Mag. 12, 

361-380. 1931. 

This investigation was undertaken principally because of its bearing on 
the Earth’s magnetic field and its relation to the problem of the central 
iron core. Since this iron core has a diameter of about half that of the 
whole Earth, it is important to know whether this large amount of iron can 
be in the usual ferro-magnetic state under the probable conditions of tem¬ 
perature and pressure within the Earth. In order to shed some light on this 
question, measurements were made on the effect of pressure on the mag¬ 
netic inversion temperature (Curie-point) for iron and also for four other 
ferro-magnetic materials, nickel, magnetite, nickel-steel and meteoric iron 
from the Canyon Diablo meteorite. 

On account of the limitations of space within the pressure-apparatus, and 
for other reasons, it was necessary to devise a method in which the complete 
induction-unit occupied a volume less than 0.5 cm* and was adequately 
insulated even at temperatures of about 1000°. The materials, in the form 
of small transformers, were subjected to pressure in a water-jacketed bomb 
with internal electric heating, and the primary coil was supplied with 
60-cycle current, the output of the secondary being stepped up with an 
electron-tube amplifier, rectified, and then read on a portable micro¬ 
ammeter. When the specimen was heated, the deflection of the instrument 
dropped to zero at the inversion-temperature. Pressures as high as 3600 
bars (metric atmospheres) were used. 

Although the results show minor inconsistencies, they demonstrate that 
the effect of pressure on the inversion-point is practically nil, but the possi¬ 
bility of a slight decrease in temperature, with increasing pressure, is not 
excluded. From this it follows, since the energy-change is of considerable 
magnitude, that the volume-change accompanying the magnetic transfor¬ 
mation is zero or very small. 

If, as seems reasonable, this tendency still holds qualitatively at the very 
high pressures in the interior of the Earth, it must be concluded that the 
nickel-iron core, which has a diameter about half and a volume about one- 
ninth of the Earth’s, is at a temperature far above that at which it could 
be magnetic. The nickel-iron core, therefore, in spite of its great volume, 
has no important influence on the Earth’s magnetic field. 

(748) Clarkeite, a new uranium mineral. Clarence S. Bos*, E. P. Henderson, and E. 

Posnjak. Am. Mineral. 16, 213-220. 1931. 

A mineral occurring at Spruce Pine, North Carolina, has distinctive 
chemical, optical and X-ray properties, and it is proposed to call this min¬ 
eral clarkeite. The chemical formula is R0.3U0 S .3H 2 0 and the essential 
RO constituent is sodium. 
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Gummite, an associated mineral, has optical properties distinct from 
those of clarkeite, but differing from those given in the literature, and so 
gummite should be re-investigated. 

Clarkeite is a hydrothermal alteration product of uraninite, and gummite 
and uranophane are later products of the same process. 

(749) A pantograph for enlarging X-ray photographs. C. J. Ksanda. Bev. Sci. Instr. 

2, 305-306, 1931. 

To utilise fully the advantages of the graphical method in the interpre¬ 
tation of X-ray spectrum photographs, a very simple device in the form of 
a parallelogram pantograph is described. Enlargement of a photographic 
plate and also of Laue photographs to the required size can be made 
quickly, eliminating possible personal errors in transferring the numerical 
values. Details of construction are given. 


(750) Mineralogical petrography of Pacific lavas. Tom. F. W. Barth. Am. J. Sci. 21, 
377-405, 491-530. 1931. 


(1) Minerals. The rock-making minerals of Pacific lavas have been 
studied chemically and optically; most abundant are olivine, clino-pyroxene 
and feldspar. New chemical and mineralogical data for these minerals 
pertinent to the question of rock differentiation are given. 

(2) Rocks. By the use of optical analyses (Rosiwal’s method, etc.) in 
combination with chemical analyses (which have previously been published 
by Washington) the mode or actual mineral composition of 60 lavas has 
been determined as accurately as possible within a reasonable period of time. 
That many of the quickly cooled lavas never attained equilibrium during 
crystallization is demonstrated, for instance, by the frequent occurrence of 
both olivine and quartz in the same rock. Also characteristic is the almost 
total absence of orthorhombic pyroxene, and the extreme scarcity of horn¬ 
blende and biotite, the mineral composition of these rocks thus becoming 
very simple. 

It is shown that the colored constituents form a reaction series, thus: 
diopside 

olivine -^pigeonite —» (hornblende, mica) 


and the colorless constituents form another series: 


bytownite —► labradorite 


andesine —> oligoclase 


alkali feldspar 
/ ± quartz 

\ alkali feldspar 
4- nephelite 


The sequence of crystallization is parallel to the sequence of differentia¬ 
tion, and thus the theory of crystal settling is adequate to explain the 
differentiation of the Pacific lavas. 


(751) The devitrification of “Pyrex” glasses. George W. Morey. J. Am. Ceram. Soc. 

14, 529-531. 1931. 

“Pyrex” laboratory glassware is widely used for the construction of 
laboratory and industrial apparatus, and not the least of its good qualities 
is that of withstanding repeated working before the blowpipe without de¬ 
vitrification. The outstanding feature of all “Pyrex” glasses is their high 
silica content together with a moderate amount of boric oxide, and for that 
reason it was deemed of interest to study their devitrification, and to com¬ 
pare it with that of other glass compositions equally high in silica but con- 
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t aming other additional constituents. Three “Pyrex” samples were used, 
one of which was of the composition widely used for making beakers and 
flasks, and for the construction of laboratory apparatus out of tubing. 
These “Pyrex” glasses were found to have devitrification temperatures 
lower than those of any other known mixtures containing so much silica. 
For example, the common laboratory “Pyrex,” which has a refractive index 
of 1.471, has a liquidus temperature of 1077°. In all cases the primary 
phase is tridymite, and in no case was cristobalite observed crystallizing in 
the tridymite field. 

(752) The spinel structure: An example of variate atom equipoints. Tom. F. W. Barth 

and E. Posnjak. J. Wash. Acad. Sci. 21, 255-258. 1931. 

Comparisons of the observed and calculated intensities on the spinels, 
magnesium ferrite and magnesium galliate, show that instead of having Mg 
in (8f) and A1 in (16c), 8 Al-ions occupy positions in (8f) and 8 Al-ions 
+ 8 Mg-ions are in (16c). The possibility that different atoms partly 
replace one another in structurally equivalent positions of a crystal is in all 
likelihood not confined to spinels, but probably is a more general phenom¬ 
enon. It is proposed to call unit cells of such crystals, cells with variate 
atom equipoints. 

(753) Radium in rocks: III. The radium content of Hawaiian lavas. Charles Snowden 

Piggot. Am. J, Sci. 22, 1-8. 1931. 

Professor J. Joly (Phil. Mag. 18, 577, 1909) found that the lavas re¬ 
cently ejected from Vesuvius contain very much more radium than the 
ancient ones, and that there exists a series of lava flows from ancient to 
modern times of progressively increasing radium content. Joly connects 
these observations with a suggested mechanism of volcanic eruptions. 

In order to ascertain if this same condition exists at the active volcanoes 
of Hawaii, five samples of lava were collected from Kilauea crater, repre¬ 
senting flows of very ancient and unknown date and also of progressively 
more recent and known dates including the flow of 1924. 

All these lavas contain the same concentration of radium, and no evi¬ 
dence was obtained to indicate that the conditions existing at Vesuvius 
exist also at Kilauea. 

Hawaiian island lavas probably represent as fair samples as are ob¬ 
tainable of the basaltic floor under the Pacific Ocean, and perhaps of that 
basaltic substratum underlying the outer granitic shell, as postulated by 
many geologists. For this reason eight samples, in addition to those .from 
Kilauea, were selected from the various islands. 

The Hawaiian basalts did not differ greatly among themselves in radium 
content, and their average concentration is almost exactly the same as that 
for a number of granites from eastern North America, previously examined 
in the same apparatus (Piggot, Am. J. Sci. 17,13,1929). 

This does not conform to the conclusions of other investigators that the 
basalts, as a class, contain less radium than do granites. 

(754) Optical methods for reducing the effects of photographic plate graininess. With 

special reference to spectral line and star image measurements. F. £. Wright. 

J. Opt. Soc. Amer. 21, 485-496. 1931. 

The image on a photographic plate consists of clumps and aggregates of 
minute particles of silver scattered through the gelatine film. At points 
where the silver particles are closely packed, the plate is dark. In meas¬ 
urements on photographic images, the accuracy of the setting depends on 
a number of factors, one of the most disturbing of which is the presence of 
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a large grain or clump of silver particles. A more exact measurement 
could be made if this effect of prominent grains were suppressed, even if 
only partially. 

In the case of spectral lines which are straight and parallel, several dif¬ 
ferent optical methods can be used for suppressing or fusing the promi¬ 
nent grains: (1) The image itself can be made to vibrate rapidly parallel 
with the spectral lines (Method of Linnik). (2) Each object point can be 
drawn out into an image line parallel with the spectral lines by means of a 
cylindrical lens (Method of Anderson). (3) Each object point can be 
elongated into a short image line by inserting a tilted glass plate between 
the objective of the observing microscope and the photographic plate. 

(4) Each object point can be elongated into a short line in the image by 
use of a single or multiple narrow slit-diaphragm above the objective. 

(5) Two superposed images of each spectral line can be produced and the 
second image shifted slightly along the first (Wollaston prism method). 

(6) The plate can be viewed under dark ground illumination after fusion 
by one of the above methods. Each silver grain or clump becomes a 
luminous image point on which it is easy to make an accurate setting. 

The fusion of grains that mark the position of a star image can be 
effected by reducing the resolving power of the imaging microscope objec¬ 
tive, either by the use of an iris diaphragm in the rear focal plane of the 
objective or by first forming a minified image of the plate and then ob¬ 
serving this image under suitable magnification. In each case the resolv¬ 
ing power of the optical system is so much reduced that silver particles, 
separated by a short distance, no longer appear as separate points in the 
image. 

These methods for decreasing graininess in special parts of a photo¬ 
graphic plate enhance the accuracy of measurement several fold and at 
the same time decrease eye-strain to an appreciable extent. 

(755) Magnesian amphibole frbm the dry melt: A correction. N. L. Bowen and E. 

Posnjak. Am. J. Sci. 22, 193-202. 1931. 

The “amphibole” form of MgSiO a has been examined by the method of 
X-ray diffraction. The powder pattern which it yields bears no resem¬ 
blance to that of any amphibole but corresponds exactly with that of for- 
sterite. From this fact we conclude that the so-called amphibole form is 
merely a sub-microscopic intergrowth of forsterite (Mg 2 SiO«) and glass. 
The refractive indices of the fibrous aggregate merely happen to agree 
closely with those of kupfferite, the magnesian end member of the antho- 
phyllite series of orthorhombic amphiboles. 

The finding that this material is not an amphibole removes any justi¬ 
fication there may have been for believing that an amphibole could form 
from a dry melt. There is therefore no reason, arising from mineral syn¬ 
thesis, for doubting the essentially hydrous character of the amphiboles. 

(756) The r61e of water in tremolite. E. Poanjak and N. L. Bowen. Am. J. Sci. 22, 

203-214. 1931. 

Dehydration experiments accompanied by X-ray examinations (powder 
method) and optical studies show conclusively that water in tremolite is not 
held in solid solution but enters the tremolite molecule in a definite proportion. 
The amount of water required by the formula H,Ca a Mg,(Si0 8 )*, which has 
been proposed for tremolite by other investigators, agrees with our results. 
Water in excess of 2.22 per cent required by the above formula is adsorbed 
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and is given off gradually on heating. Both the X-ray examination and 
optical study agree in showing that dehydration of tremolite, which takes 
place around 900° C., results in the formation of pyroxene and silica ac¬ 
cording to the equation: 

H a Ca a Mg, (SiO,) « -* 2CaSiO,. 5MgSiO, + SiO a + H a O. 

The pyroxene is a member of the diopside-clinoenstatite series of solid 
solutions. Solid solutions of this series do not unmix when cooled to room 
temperature. 

(757) The effect of pressure on the electrical conductivity of solutions of sodium chloride 

and of other electrolytes. L. H. Adams and E. E. Hall. J. Phys. Chem. 35, 

2145-2163. 1031. 

Although a considerable amount of data on the conductivity of solutions 
under pressure is available, it became necessary, in connection with another 
investigation, to make a number of measurements on the effect of pressure 
on the conductivity of sodium chloride solutions. In this paper are pre¬ 
sented results for dilute and concentrated NaCl solutions, and also dilute 
K*SO« and KC1 solutions at pressures somewhat above 4000 bars (metric 
atmospheres). Pressures were measured to within 1 bar with an electrical 
resistance gage that had been calibrated against an absolute gage of the 
free-piston type, and the arrangement for measuring the conductivity 
under pressure was sufficiently sensitive and reliable that the error of 
reading was no more than 1 part in 50,000. 

The significance of the changes, produced by pressure, in the conduc¬ 
tivity of solutions is discussed, and the important influence of the viscosity 
of the solution is emphasized. It is shown that in dilute solutions of 
strong electrolytes such as NaCl, the degree of dissociation, as ordinarily 
defined from conductivity measurements, is increased by pressure, al¬ 
though to a much smaller extent than in the case of weak electrolytes. 

(758) Pyroxen von Hiva Oa, Marquesas-Inseln und die Formel titanbaltiger Augite. 

Tom. F. W. Barth. Festband Brauns. Beil. Bd. 64, Abt. A, 217-224. 1931. 

Chemical analysis of a pyroxene occurring in an equigranular, coarse¬ 
grained olivine basalt of the Marquesas Islands is given and the phenome¬ 
non of isomorphous replacements of different elements is discussed. It 
is believed that the conditions for such a replacement are that the two 
replaceable ions have approximately the same radius. Titanium, for 
example, should replace magnesium rather than silicon, in spite of its chemi¬ 
cal relations to the latter. Now, the replacement of Mg+ 2 by Ti+ 4 neces¬ 
sitates another, simultaneous replacement taking place in such a way that 
the valences in the crystal lattice become satisfied. This second replace¬ 
ment which occurs in the pyroxene lattice is that of Si+ 4 by A1+*. 

Experiments show, however, that mix-crystals of the formula 
x CaMgSi 2 O a . y CaMgTi 2 0 6 are readily formed at about 1300°, showing 
thus that titanium (at least at higher temperatures) also is able to replace 
silicon. 

(759) Gradual transition in sodium nitrate. I. Physico-chemical criteria of the transi¬ 

tion. F. G. Kracek. J. Am. Chem. Soc. 53, 2609-2624. 1931. 

Some interest has been evinced in recent years in gradual transitions in 
crystalline solids. In these transitions the heat capacity of the crystal 
alters abnormally over an extended range of temperatures, with a more or 
less well-defined temperature at which the heat capacity reaches a maxi- 
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mum, but there is no sharply defined finite discontinuity in the total heat 
absorbed. All the examples quoted in the literature (see, e.g., the work 
of F. Simon on ammonium salts, Giauque and Wiebe on hydrogen bromide 
and iodide, K. Clusius on crystalline nitrogen, oxygen, methane, etc.) occur 
in the region of very low temperatures, and are for this reason difficult to 
examine for changes in other physical properties. There exists accordingly 
some uncertainty as to the exact behavior of a crystal during these ap¬ 
parent inversions, and doubt has been expressed by Smits as to whether 
the experimental conditions do not account for the anomaly. It is also clear 
that theoretical explanations of this type of transition can not be fully ac¬ 
cepted for all cases until our knowledge is more complete. 

Sodium nitrate exhibits a gradual transition which ends at approximately 
275°. We have examined the changes in heat capacity as shown by dif¬ 
ferential heating and cooling curves, thermal expansion, the solubility of 
the salt to its melting point in water, and optical properties at various 
temperatures. The results obtained indicate that the properties of sodium 
nitrate crystals alter reproducibly over a range of temperatures rather than 
suddenly at a definite transition point. The expansion coefficient is nearly 
constant to about 150°, then it gradually increases to a peak value near 
275°, followed by a rapid decrease to a normal value beyond 280°. The 
heat absorption on heating likewise gradually increases to a maximum at 
275.5°, while on cooling the heat evolution begins at about 278°. Hystere¬ 
sis phenomena are completely absent. Optical examination with a heat¬ 
ing microscope shows that the crystals remain optically uniaxial up to the 
melting point. The solubility curve undergoes a small, but apparently 
real, change in the transition region. 

The conclusion to be drawn from these results is that sodium nitrate 
undergoes a gradual transformation accompanied by a change in the specific 
heat and volume such that there is at no point a finite discontinuity in the 
properties of the substance. 

(760) Comparison standards for the powder spectrum method: NiO and CdO. C. J. 

Ksanda. Am. J. Sci. 22, 131-138. 1031. 

With an improved spectrographic powder method, the size of the unit 
cell of CdO and NiO has been redetermined using molybdenum radiation. 
The length of the edge of the unit cube, a B , is 4.689 X10' 8 cm. for CdO, 
and 4.171 X10' 8 cm. for NiO. Diffraction data from natural nickel oxide, 
bunsenite, agree with those of NiO. Determination of refractive index, 
microscopically by immersion, yielded n=2.4 9 r,t for CdO, and n=2.37i,i 
for NiO. A table of constants for CdO and NiO, calculated on the basis 
of the results obtained, is inserted for reference and a summary of pre¬ 
viously published results is given. 

(761) Proposed change in calculation of norms of rocks. Tom. F. W. Barth. Min. petr. 

Mitteilungen (Z. Krist., Abt. B) 42, 1-7. 1931. 

It is proposed that the following normative pyroxene minerals be used: 
CaSiOs, MgSiOj, and FeSiO s (with symbols “wo,” “en,” and “hy,” re¬ 
spectively) ; and that the olivine molecule be given in terms of Mg 2 SiG 4 
and Fe 2 Si0 4 (with symbols “fo” and “fa”). 

It is shown that these changes will improve the norm by bringing the 
ferro-magnesian minerals into a closer approach to natural conditions, by 
making it easier to survey their composition, and by rendering calculations 
simpler. 
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(762) The residual liquids of crystallising magmas. Clarence N. Fenner. Min. Mag. 

22,636-560. 1931. 

The paper deals with certain problems connected with the differentiation 
of igneous magmas. 

The view has been widely advocated that crystallisation and the sepa¬ 
ration of crystals from residual liquid have been practically the only proc¬ 
esses concerned in the genesis of all the varieties of igneous rock found, 
but there are many geologists who are not prepared to accept this view in 
the sweeping form in which it has been urged. In the present paper it is 
recognized that the processes mentioned are often effective, but there are 
reasons for doubting whether they are the only important processes con¬ 
cerned. Especial attention is given in the discussion to certain phenomena 
which have been cited as evidences of this form of differentiation, and 
reasons are advanced for believing that in many cases these phenomena 
have originated by other means and are therefore not valid evidence in 
support of the view. In many such instances it is doubtful whether these 
phenomena are even due to orthomagmatic crystallization, but they may 
rather be the result of secondary processes acting upon the consolidated 
rock, and have therefore little relation to true differentiation of liquid 
magma. It is believed, in general, that many phenomena which have been 
interpreted in a manner favorable to the theory of crystallization differen¬ 
tiation are susceptible of other interpretations with equal or greater proba¬ 
bility, and it is urged that more careful studies be made in order to dis¬ 
criminate among various possibilities. 

At the end, a summary is given of the factors to be considered in arriv¬ 
ing eventually at a solution of the complex problem of differentiation. 
Some of these point to the efficacy of crystal fractionation as an important 
participating agency, while others present serious obstacles to considering 
it the only process or they point definitely to the action of other processes. 

(763) Annual Report for this year. 

(764) The solubility of water in granite magmas. Roy W. Goranson. Am. J. Sci. 22, 

481-502. 1931. 

Data are presented on the solubility of water in granite glass as a func¬ 
tion of pressure from 500 to 4000 bars at 900° C. and as a function of tem¬ 
perature from 600 to 1200° C. at 980 bars. 

In this investigation water and granite glass were sealed up in platinum 
capsules in order to keep the water in contact with the glass and eliminate 
carbon dioxide, which was used as the pressure medium, from the system. 
These charges were brought to the required pressure and temperature in a 
bomb. The temperature was obtained by means of a platinum resistance 
furnace enclosed in the bomb, and pressure by expansion of carbon dioxide. 
The runs were from 2 to 4 hours’ duration, which was found to be sufficient 
time for attaining equilibrium between the gas-liquid phases. Temperature 
was then quickly dropped in order to retain the water dissolved in the 
glass, and since equilibrium in this latter direction was a much slower 
process, any errors introduced at this point were negligible. The amount 
of water dissolved in the glass Was obtained from the loss in weight on 
ignition, due care being taken to correct for any losses which might occur 
while evaporating off the surplus water at 105° C. This granite glass was 
obtained by melting Stone Mountain granite, which is a medium-grained 
normal biotite-bearing muscovite granite. 

The solubility of water in this glass at 900° C. is 3.75, 5.75, 8.15, 8.90, 
and 9.35 weight per cent at 0.5, 1, 2, 3 and 4 kilobars respectively. The 
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solubility of water in this glass at 980 bars decreases by 0.3 per cent per 
100° C. rise in temperature in the 600° to 1200° C. temperature range, i.e., 
at 800° C. the solubility of water is 6.0 per cent, at 1200° C. it has decreased 
to 5.4 per cent. 

The measured solubility on a natural rock glass (obsidian), from Mount 
Kiamis, Java, of approximately the same composition as Stone Mountain 
granite gave the same result as was obtained from the Stone Mountain 
granite glass. A synthetic glass of composition corresponding to the pro¬ 
portions 75 orthoclase: 25 silica gave a value lower by 1 per cent than the 
granite glass. 

It is concluded that natural rhyolite glasses could not very well have 
more than 10 per cent of H 2 0+, and that glasses with 8 to 10 per cent of 
H 2 0+ should be extremely rare. This is borne out by published analyses 
made on fresh obsidians. 

Reasons are presented for considering the possibility that granite magmas 
may have had a relatively high water content. If this were true, water 
would have an important effect in lowering the crystallization tempera¬ 
tures of such magmas. It would also largely influence surface igneous 
phenomena such as volcanism. 

(765) Radium in rocks: IV. Location and association of radium in igneous rocks. C. S. 

Piggot and H. E. Merwin. Am. J. Sci. 

A better understanding of the significance of the radium content of rocks 
might be obtained if more were known about the location of the radium 
within the rock. Is the minute amount of radium distributed anything 
like as uniformly as a salt in an aqueous solution, or is it associated with 
particular minerals? It is also highly desirable to know to what extent the 
movement of water or aqueous solutions throughout a rock mass removes 
or concentrates radium. 

An effort to throw some light on these questions was made by separating 
two highly radioactive granites into their constituent parts and then test¬ 
ing each part individually. 

It was found that the radium is particularly associated with the micas, 
that rapid leaching with hot water does not remove it but does remove 
some of the emanation in equilibrium with it. The conclusion was also 
reached that the parent uranium was not affected by such leaching. 

(766) The definition and evaluation of the fugacity of an element or compound ip the 

gaseous state. Q. Tunell. J. Phys. Chem. 35, 2885-2913. 1931. 

The purpose of this paper is to show that in reality the definition of the 
fugacity function of Lewis depends on a physical hypothesis (experimental 
fact) in addition to the hypothesis that the volume of unit mass, e.g., one 
mol or one gram, of the element or compound in the gaseous state is a 
single-valued continuous function of the temperature and th.e pressure. 
The additional physical hypothesis is well founded experimentally and the 
fugacity defined on the basis of it is undoubtedly a useful function. 

The fact that the definition of fugacity presupposes a hypothesis not 
presupposed in the definition of Lewis's free energy (Gibbs’s zeta function) 
has been concealed, however, by Lewis and Randall’s derivations in which 
they step over the limitation that division by zero is not a process defined 
in algebra and thus are apparently able to present as a theorem from 
their definition of fugacity a relation that can not be proved from their 
definition of fugacity; in reality the relation in question must be taken as 
the definition of fugacity, and from it the relation called by Lewis and 
Randall the first part of their definition of fugacity follows as a theorem. 
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The definition of fugacity adopted in this paper, namely, 

RT In f(T, P) - RT In P - J - v^dP, 0< T< ®, 0<P£ 


*(T) 


f(T,0) -0,0< T<®, 


or, in the equivalent form, 


f(T, P) - Pe " RT /* a(T P>dP , 0< T< «, 0£ P£ *(T), 


is based on the physical hypothesis (experimental fact) stated by Lewis and 
Randall that 
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where K(T') denotes at a given temperature a constant different from 
zero except at the Boyle temperature. This equation of definition is an 
equation that is used in the experimental determination of fugacity, and 
it has been shown to lead directly and rigorously to the equations that 
Lewis and Randall write as their definition of fugacity. This equation of 
definition of fugacity can not, however, be proved from the definition of 
Lewis and Randall, although it is an equation that Lewis and Randall 
write for the fugacity, since their definition is satisfied by an infinite num¬ 
ber of possible functions of the temperature and pressure different from 
the function defined by the first equation given in this paragraph as well as 
by the latter function. 

The definition of this paper also shows on inspection that the fugacity 
has the dimensions of pressure, and the character, stressed by Lewis and 
Randall, of an “ideal vapor pressure.” 

J. A. Beattie and 0. C. Bridgeman have presented an equation of state 
that they find represents the pressure-volume-temperature relations of 
many gases very accurately over a wide range of temperature and pressure. 
Beattie and Bridgemaxi write that the “equation of state extrapolates to 
low pressures with a high degree of accuracy”; it is therefore suitable for 
use in the calculation of fugacity. This calculation has been carried out 
and the equation of the fugacity obtained. The value of the fugacity of 
nitrogen at 0° C. and 0.18182 liters per mol calculated from the equation 
of state of Beattie and Bridgeman with their constants is compared with 
that determined graphically by Deming and Miss Shupe. 


(767) Equilibrium in binary systems under pressure. I. An experimental and thermo¬ 
dynamic investigation of the system, NaCl-H,0, at 25°. L. H. Adams, J. Am. 
Chem. Soc. 53, 3769-3813. 1931. 

The investigation of this system under pressures above 10,000 bars con¬ 
sisted of two main parts: (A) The measurement of the volume-change 
under pressure of the different solid phases and of the solutions of various 
concentrations; and (B) the utilization of these results to determine the 
conditions of equilibrium between the separate phases, by the application 
of simple thermodynamic principles. 

The general procedure and the most important features of the equilibrium 
diagram have, been reviewed in the Annual Report of the Director of the 
Geophysical Laboratory (Lab. Publ. No. 716) in Carnegie Institution of 
Washington Year Book No. 29 for the year 1929-30, pp. 69-72. 



DIVISION OF HISTORICAL RESEARCH 1 

A. V. Kdmhcb, Chairman 

The Division of Historical Research is dedicated to studies upon the 
social and intellectual, in so far as these may be distinguished from the 
biological, evolution of the human race. Its three sections devote their 
efforts to various aspects of what is really a single endeavor, namely, the 
attempt to understand the whys and the wherefores of man’s long struggle 
toward more perfect living. The Section of Aboriginal American History 
considers the rise of civilization as exemplified by the career of the native 
races of the New World. The Section of United States History concerns 
itself with the development of a typical modern state, as well as with the 
interactions between Western European and indigenous American cultures. 
The Section of the History of Science attempts to record and to interpret 
the acquisition, application and transmission of that ordered knowledge 
upon which all human progress is founded. 

SECTION OF ABORIGINAL AMERICAN HISTORY 

The two Americas form an ideal laboratory for studies upon the genetics 
of civilization. The Indians came into the New World as savages, bring¬ 
ing with them no more than the rudiments of culture; and they never, as 
far as we can now see, received any significant stimulus from outside 
sources until the arrival of the Europeans in the early Sixteenth Century. 
Hence their entire development was an autochthonous one—isolated, in¬ 
dependent. Yet in major outline it was extraordinarily like that of the 
races of Europe and Africa and Asia. But it seems to have been a some¬ 
what more simple and more straightforward progress, evidently much less 
interrupted by the sweeps and countersweeps of population which at times 
retarded and at times accelerated the march of civilization in the Eastern 
Hemisphere, and which render its story so exceedingly difficult to unravel. 
Furthermore, the archeological remains of the Americas are younger, on 
the average by several thousand years, than those of the Old World; they 
are therefore in a generally better state of preservation, and they have 
been far less overlaid or destroyed by the activities of recent peoples. If, 
therefore, the archeological investigation of the New World be intelli¬ 
gently conceived and vigorously prosecuted, the history of the Indian’s rise 
from savagery can doubtless be reconstructed with a relatively high degree 
of accuracy. The resulting data will prove of much value for comparative 
purposes; the methods developed and the insight gained into the mechanics 
of culture growth will be useful for attack upon the more complex problems 
of the Old World. 

The field presented by the American continents is of course enormous* 
Some parts of it, however, are of greater, or at least of more immediate, 
importance than others. These should naturally be attacked first. The 
Carnegie Institution, in joining itself to the many agencies engaged in re¬ 
searches upon New World prehistory, has concentrated its effort upon two 

1 Address: Room 909, Tower Building, Washington, D. C. 
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areas: Middle America, where the Maya achieved one of the most brilliant 
and most widely influential of Indian civilizations; and Southwestern 
United States, where the career of the Pueblos exemplifies very clearly the 
first steps in the organization of a communal society based on agriculture. 

Dr. Morley and his associates have been at work on the Maya for nearly 
twenty years. After a preliminary period of exploration, resulting in for¬ 
mulation of certain definite historical problems, the Institution turned to 
the excavation of two sites which gave promise of yielding significant data 
for their solution: Uaxactun, the oldest known Maya city, and Chichen 
Itzd, an outstanding center of the New Empire. 

The investigations at Uaxactun and Chichen Itza have been recorded, 
from year to year, in the annual reports of the Institution. During the 
period covered by the present Year Book the two projects have continued. 
At Chichen Itzd, Dr. Morley and his staff devoted their time to the study 
of buildings excavated in former seasons, to the writing of monographs 
upon them, and to the perfecting of plans for comparative analytical re¬ 
search upon Maya architecture. Dr. Morley also headed an expedition 
to the ruins of Yaxchilan, in the Ucumacinta drainage, where a number 
of new calendrical inscriptions were discovered. Contributions by Dr. 
Morley, Mr. Ruppert and Mr. Pollock upon the year’s work are presented 
below. 

At Uaxactun, Mr. Smith carried forward the excavations with great 
success. He completed the examination of the very old deposits under¬ 
lying one of the plazas of the city, accumulating pottery and other ma¬ 
terials which will throw light upon the vexed question of Maya cultural 
origins. He also cleared an early temple enclosed within and preserved 
by later construction, wherein he found graves containing mortuary pot¬ 
tery of extraordinarily high artistic excellence. Mr. Smith’s report, also 
appears below. 

Mr. Ricketson spent the winter in Guatemala City. With Mrs. Ricket- 
son he studied the ceramic collections from Uaxactun, and worked on the 
report covering the earlier excavations there. He also made reconnais¬ 
sance trips in the Guatemala Highlands with a view to laying plans for 
future investigation of that very little known but archeologically most 
significant region. President Merriam, Mr. Roberts and the Chairman 
visited Guatemala in January to confer with members of the Government, 
to consult with Mr. Ricketson and to examine various archeological sites. 
Mr. Roberts took leave of absence in the latter part of the winter to exca¬ 
vate in Panama for the Peabody Museum of Harvard. His studies of 
Maya pottery continue. Reports by Mr. Ricketson on the archeological 
possibilities of the Guatemala Highlands and by Mr. Roberts on the gen¬ 
eral Maya ceramic problem are appended. 

The archeological researches of the Institution in the Maya field have 
been prosecuted energetically. They have proved very fruitful. But, 
from the time of their inauguration by Dr. Morley in 1914, it has been 
realized that the unsupported findings of archeology could not be expected 
to result in more than an incomplete and one-sided picture of the career 
of the Maya; that they could not fully be interpreted save with knowledge 
of the manifold factors of environment and race which influenced and 
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molded that career; and that no real history of the Maya could be written 
until full cooperation had been established with workers in other branches 
of science. These considerations were discussed in the Year Book for 
1929-30. As was there stated, the necessity for assistance from non- 
archeological disciplines has led to the organization of a general scientific 
survey of the region formerly inhabited by the Maya. 

In Yucatan various survey projects have gone forward. Dr. Redfield, 
of the University of Chicago, has continued his sociological study of the 
living Maya. Dr. Steggerda, of the Institution’s Department of Genetics, 
pursued the investigations in physical anthropology begun by Dr. Wil¬ 
liams, checked former determinations of basal metabolism and inaugu¬ 
rated a research upon the growth of Indian children which it is hoped 
may be followed over a long term of years. Dr. Andrade, now jointly 
employed by University of Chicago and Carnegie Institution, carried for¬ 
ward his work on Maya linguistics. The medical survey of Yucatan, 
under Dr. Shattuck of Harvard, was not in the field, Dr. Shattuck having 
been engaged during the winter in preparing his report upon the first two 
years’ investigation. In the summer of 1931, however, a party under 
Shattuck’s direction will undertake a check of the present prevalence of 
malaria and the dysenteries among the population of the Peninsula. Mr. 
Scholes has begun work on the documentary history of Yucatan. Mr. 
Roys is engaged in translating and collating the Books of Chilam Balam, 
which are very important early Maya documents written in the Latin 
script. 

All the above investigations concern themselves with the Maya people, 
their race, physical make-up, health, customs, language, recent history. 
No valid appraisal of the career of their ancestors can be made without 
knowledge to be derived from such researches. No less imperative is 
clear understanding of the land in which the Maya lived and still live. 
Environmental studies are therefore also being made. The much valued 
cooperation of the University of Michigan continues. During the winter 
Dr. Van Tyne, ornithologist; Dr. Murie, mammologist; and Dr. Bartlett, 
botanist, were sent by the University of Michigan to Uaxactun, where they 
made the first series of biological observations and did the first thorough 
collecting in Peten, the center of the Maya Old Empire. The United 
States Geological Survey also cooperated most effectively by permitting 
Dr. Cooke to accompany the Uaxactun party for the purpose of gathering 
geological data. As result of his examination of the Peten, Dr. Cooke 
believes it possible that the bajos, or seasonal swamps, may have been 
lakes as recently as the time of occupancy of the Peten by the Maya. 
If this hypothesis be verified it will serve to explain many hitherto very 
puzzling aspects of Maya history. 

Statements regarding their work by Doctors Redfield, Steggerda, An¬ 
drade and Shattuck, and upon the biological investigation by Dr. Gaige* 
of Michigan form part of this report. Similar statements by Mr. Scholes 
on the historical study, and by Mr. Roys on the Books of Chilam Balam, 
will be found in the report of the Section of United States History. 

The cooperation of scholars representing various disciplines ie indis¬ 
pensable for the progress of archeology; it is also of first-rate value to the 
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other sciences themselves. The biologist of course needs the assistance of 
the geologist; the medical man must have data which only the biologist 
can supply, and so on. Close touch should accordingly be kept between 
all participants, not only for the pooling of information, but for the formu¬ 
lation of broad problems underlying several or all of the unit researches, 
and for devising means for their solution. For this purpose annual con¬ 
ferences are held at Chichen Itza. The meeting of the present year was 
attended by Dr. Morley, Mr. Ruppert, Mr. Pollock, Mr. Scholes, Mr. 
Bolles, Dr. Cole and Dr. Redfield of the University of Chicago, Dr. An¬ 
drade, Dr. Steggerda, Senor Juan Martinez Hernandez and the Chairman. 

At the close of the period under review there came from the press the 
monograph of Mr. and Mrs. Morris and Mr. Chariot on the Temple of 
the Warriors. This is the first definitive publication upon a unit of 
the Chichen Itza project. In content and in illustration it sets a new 
standard in the presentation of results of excavation in the Maya field. 

The Southwestern field, as has been said, gives opportunity for study of 
the earliest stages of agricultural civilization. Southwestern culture had 
its origin at least two thousand years ago, and it has persisted in remark¬ 
ably pure form down to the present day. The most logical way of un¬ 
raveling any such long historic sequence is to start either at the beginning 
or at the end. As a matter of fact, the Division, in its Southwestern work, 
is doing both: Mr. Morris concentrating upon the earliest phases, as illus¬ 
trated by Basket Maker and nascent Pueblo remains; the Chairman upon 
the terminal periods. Mr. Morris has been active in the field (see his 
report, p. 139), and has brought a monograph upon the archeology of 
the La Plata nearly to completion. The Chairman has been engaged upon 
the materials from Pecos Pueblo; the first volume of the series treating the 
pottery of that site was issued by Phillips Academy in June. 

Other major publications of the Division now in preparation are: Dr. 
Morley’8 compendious work on the inscriptions of Peten, Mr. Ruppert’s 
volume on the Caracol at Chichen Itza; Messrs. Thompson and Pollock’s 
paper describing the ruins of Coba; Dr. Andrade’s Maya grammar. Dr. 
Shattuck’s medical report has already been mentioned. 

The Division suffered a severe loss in the death, on March 22, 1931, of 
Dr. John E. Teeple, Research Associate, at the age pf 57. Dr. Teeple was 
a chemist by profession, having taken up the study of the Maya hiero¬ 
glyphic inscriptions in 1924 as an avocation. His earliest contributions in 
this field were of such outstanding importance that he was appointed a 
Research Associate of the Institution in 1929, continuing as such until his 
death. The results of his brief six years of investigation are embodied in 
his Maya Astronomy, published by the Institution last year. 1 Dr. Teeple’s 
untimely death has removed from Maya research one of its most produc¬ 
tive contributors. 

Report of the Chichen Itza Project, by Sylvanus 0. Morley 

Activities at Chichen Itza during the 1931 field season were restricted to 
finishing repairs at the Caracol ana Round House, to several minor excava¬ 
tions, to mapping and to preliminary architectural studies of the different 

1 Carnegie Inst. Wash. Pub. No. 401, pp. 29-115. 
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buildings with a view to their more precise stylistic and temporal classifi¬ 
cation. 

The staff, consisting of Dr. Morley in charge, Messrs. Karl Ruppert and 
H. E. D. Pollock, archeologists; Mr. John S. Bolles, architect and surveyor; 
Mr. Gustav Strdmsvik, engineer; Miss Kathryn Mackay, housekeeper and 
nurse; Miss Dorothy Jacobus, secretary and bookkeeper, reached Chiehen 
Itza early in January. 

In addition to the work of the archeological staff, investigations repre¬ 
senting five cooperative projects were carried on at Chiehen Itza at different 
times during the year: 

1. Dr. and Mrs. Morris Steggerda from the Institution’s Department of 
Genetics at Cold Springs Harbor, Long Island, spent four months at Chiehen 
Itza in rechecking the earlier basal metabolism tests of Dr. G. D. Williams 
(1927) 1 and Dr. G. C. Shattuck (1929),* in making intelligence tests, both 
of adults and children, in recording family histories and in securing a very 
complete series of anthropometric data. 

2. Dr. Robert Redfield and his assistant Mr. Alfonso Villa in a coopera¬ 
tive ethnological project with the University of Chicago. Dr. Redfield di¬ 
vided his time between M6rida, where he resided, and the village of Chan 
Kom, 12 miles southeast of Chiehen Itza, where Mr. Villa is schoolmaster. 
Consultations were held at Chiehen Itza from time to time on the progress 
of this investigation. Dr. Asael Hansen, another of Dr. Redfield’s asso¬ 
ciates, went to Yucatan in August and remained there until the end of the 
year. 

3. Dr. Manuel J. Andrade in a cooperative linguistic project with the 
University of Chicago. Dr. Andrade spent the month of January at Coro- 
sal and San Antonio in British Honduras, studying the local Maya dialect; 
he returned to Chiehen Itza for the Chiehen Itza Conference, March 19-21 
(see below), and accompanied Dr. Morley on the Yaxchilan Expedition as 
far as Monte Cristo in the State of Tabasco, where he left the Expedition to 
study the Indian dialects of that general region. He returned to Merida 
before the end of April and to the United States early in May. 

4. Dr. France Scholes in a cooperative historical project with the Univer¬ 
sity of New Mexico was at Chiehen Itza for the Chiehen Itza Conference. 

5. Dr. G. M. Saunders, Dr. F. H. Connell and Mr. B. L. Bennett on a con¬ 
tinuation of the cooperative medical survey project with the Department of 
Tropical Medicine, School of Public Health, Harvard University. They 
visited Yucatan in July to study the distribution of malaria and amoebic 
dysentery during the rainy season. 

A conference on general problems of Maya research under the chairman¬ 
ship of Dr. Kidder was held at Chiehen Itza on March 19-21 attended by 
Doctors F. C. Cole, Robert Redfield and Manuel Andrade of the University 
of Chicago, Dr. France Scholes of the University of New Mexico, Mr. Juan 
Martinez of Merida, Yucatan, Dr. Morris Steggerda of the Department of 
Genetics of the Carnegie Institution and Dr. Kidder and Dr. Morley and 
Messrs. Ruppert, Pollock, Boles and Stromsvik of the Institution’s Division 
of Historical Research. Reports were made on the ethnological investiga¬ 
tions (Redfield), the linguistic studies (Andrade), the archive work 
(Scholes), native Maya manuscriptions (Martinez), and on the archeologi¬ 
cal and architectural investigations at Chiehen Itza (Morley, Ruppert, Pol¬ 
lock, Bolles and Strdmsvik). 

1 Carnegie Inst. Wash. Year Book No. 26, p. 231. 

* Carnegie Inst. Wash. Year Book No. 29, pp. 301-303. 
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In June, Senor F. Mugica was specially designated by Dr. J. M. Puig y 
Casauranc, the Minister of Public Education, to visit Chichen Itza as the 
Institution’s guest. 

The repair of the Caracol under the direction of Mr. Ruppert was com¬ 
pleted and during the last half of the year he has been engaged in preparing 
the final report on this important construction, excavation of which was 
begun in 1925. 1 

Minor excavations were carried out at Chichen Itzd during the current 
field season, as follows: 

Mr. Ruppert, in digging east of the Red House, discovered that the back 
of the substructure of this building and the substructure of the colonnade 
just east of it had been the walls of a ball court—the sixth thus far found 
at Chichen Itza. Although the rings through which the ball was thrown 
were not found, other diagnostic ball court characteristics were present: 
The parallel side walls (here with sloping inner faces); the three sculptured 
panels (at the ends and in the middle) at the bottom of the inner face of 
each of the two side walls; the two terminal lines of cut stone running across 
the floor of the court joining the inner comers of the two side walls, appar¬ 
ently defining with the side walls the limits of the court. 

Mr. Ruppert also examined a new ball court one kilometer east of the 
Group of the Thousand Columns, where the same sloping parallel side walls 
and the terminal lines of cut stone connecting them, were also found. 

Mr. Pollock at the end of the field season did further digging in the sub¬ 
structure of the Round House about one kilometer east of the hacienda. 

Finally, a building at Jalacal, some 4 kilometers northeast of Chichen 
Itza, was excavated. During the Spanish Colonial Period an hacienda had 
grown up around the cenote at Jalacal, the plantation house of which was 
built from cut stone taken from a small Maya site, which had also flour¬ 
ished around the cenote in earlier times. A hieroglyphic stone lintel, which 
in all probability had originally spanned a doorway in the principal temple 
at Jalacal, had been removed during the Colonial Period and had been built 
into the stone watering trough in front of the plantation house,* from which 
position it was removed to the Museum of Archseology and History in 
Merida several years ago. 

Excavations were made in the mound from which the hieroglyphic lintel 
is supposed to have come, the most important fact established being that the 
temple dates from the pure Maya period, i.e., it antedates the period of 
Mexican influence at Chichen Itza. 

During the current field season, the architectural remains at Chichen Itza 
were restudied by the resident staff with a view to their more precise clas¬ 
sification. The standing buildings were carefully studied by tne staff and 
weekly meetings were held to discuss problems arising from these first¬ 
hand inspections and comparisons of the architectural remains. 

The only surely dated object thus far found at the site is the so-called 
Initial Series lintel, which was dedicated in 10.2.10.0.0 of the Maya Era, 
just before the close of the Great Period of the Old Empire. The Temple 
of the Initial Series, in which this lintel was reused as a wall stone,* is of 
much later date than 10.2.10.0.0, and since the lintel seems to have been 
designed for a much earlier construction the question of its original position 
naturally arises. Up to the present, however, no building referable to the 
Old Empire has been found at Chichen Itza. 

1 Carnegie Inst. Wash. Year Book No. 24, pp. 265-267. 

1 Carnegie Inst. Wash. Year Book No. 20, p. 234. 

1 Carnegie Inst. Wash. Year Book No. 26, p. 237, note 1. 
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Calling this earliest and as yet unrepresented period, No. I, let us proceed 
with the classification of the more important of the remaining structures: 


Transitional 

Caracol 

Maudsl&y's House No. 6 
Temple below the Castillo 
House of the Phalli 
House of the Shells 


Period II Transitional Period III 

House of the Deer Caracol Castillo 

Red House Maudslay's House No. 6 Temple of the Warriors 

Akabtsib Temple below the Castillo Temple of the Chac Mool 

Monj as House of the Phalli Temple of the Tables 

Iglesia House of the Shells North Colonnade 

Mon j as, East Annex West Colonnade 

Mon j as, Southeast Annex East Colonnade 

Temple of the Four Lintels Northeast Colonnade 

Temple of the Three Northwest Colonnade 

Lintels East Temple 

Temple of the Plain Lintels Northeast Temple 

Temple at Jalacal Market and South Colon- 

Temple at Yuld Bade 

Six Ball Courts 
Temple of the Jaguars 
Terrace of the Cones 
Terrace of the Eagles 
Tzompantli 
High Priests’ Grave 
House of the Corn Grinders 
Temple of the Interior At- 
lantean Columns 
Temple of the Wall Panels 
Temple of the Initial Series 
Temple of the Little Heads 
Temple of the Owl 
Temple of the Interior At- 
lantean Columns No. 2 
Castillo of old Chichen Itzd 
Temple of the Jaguar At- 
lantean Columns 1 

1 There are many other structures in the southwestern, northwestern and northern (San 
Francisco) sections of the city, most, if not all, of which date from Period III. 


The architectural characteristics which serve to differentiate Period III— 
the so-called Period of Mexican Influence—from Period II, are clear and 
unmistakable. They are: Serpent columns, anthropomorphic and zoomor- 
phic Atlantean columns, square and round columns (both plain and sculp¬ 
tured), colonnades, battered wall bases, roof crests, serpent balustrades, 
Chac Mool figures, Atlantean figures, Tlaloc incensarios. 

Those few structures, which have been placed in a transitional group be¬ 
tween Periods II and III, are doubtful only because they present features 
characteristic of both Periods II and III. Perhaps the best example of this 
doubtful group is the Caracol, which in addition to a number of pure Maya 
features (Period II) has serpent balustrades, roof-crests and Tlaloc incen¬ 
sarios all characteristic of Period III. It will be noted in this connection, 
however, that all of these Period III elements are of such a nature—deco¬ 
rative rather than structural in function—that they may well have been 
added to a Period II building in Period III times, in order to bring the 
exterior of the earlier building into harmony with the style of architectural 
decoration used in Period III, i.e., that they represent a Period III endeavos 
to modernize a Period II building. 

Even buildings as essentially characteristic of Period II as the Red House 
and the Temple of the Four Lintels show definite remodeling in Period III, 
as if there had been an attempt, so to speak, to bring them up to date. Both 
on the roof of the former and directly in front of the latter, in which posi¬ 
tion it had clearly fallen from the roof, roof-crest elements were found. It 
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is therefore unnecessary to assume that all Period II buildings were aban¬ 
doned in Period III; almost certainly such was not the case. 

As yet no structure surely referable to the hypothetical Period I, i.e., the 
period of the Initial Series lintel, has been found, but it is not improbable 
that further study of the architectural remains may result in the identifi¬ 
cation of buildings belonging to this period. The ceramic studies now being 
carried on at Ghichen Itza by Mr. H. B. Roberts should shed much light on 
the location of the first Old Empire occupation of this site. 

The preliminary classification of the architectural remains at Chichen 
Itza, undertaken during the current field season, has already indicated 
promising lines for further investigation, especially in connection with the 
ceramic sequence, and it is planned to continue these studies during the next 

field season. 77ie Caracol, by Karl Ruppert 

Chichen Itza, as one of the large centers of the Maya New Empire, 
readily lends itself to an intensive program for archeological investigation. 
Dating from the close of the Old Empire and showing within its precincts 
extensive influences of the late Nahua incursion, its remains must of neces¬ 
sity offer a productive field for the archeologist. An analysis of the mounds, 
terraces, buildings, sculptures and artifacts is the problem presented. 

First and foremost in attacking the problem, a type structure of each 
period should be examined and studied. As yet no construction has been 
found dating from the Early Period of the city’s history, the single dated 
object therefrom being the door lintel which was reused in the Temple of 
the Initial Series. From the Middle Period, 1000 to 1200 a.d., such struc¬ 
tures as the Temple of the Three Lintels, the Akabtzib, Monjas and Casa 
Colorada are representative types. The Late Period, that of the Nahua, is 
exemplified by the Castillo, Temple of the Warriors, Ball Court and the 
Group of the Thousand Columns. 

If a type structure for each period is to be studied, so also must an effort 
be made for the preservation of such type structures. Thus there has de¬ 
veloped an aspect of the work which in some cases is more time consuming 
than the excavation itself. 

Of the Chichen Itza Middle Period, the several structures above enumer¬ 
ated were found in relatively good condition and could be studied without 
excavation. Hence, first attention was directed to the Temple of the War¬ 
riors, a representative of the Late or Nahua Period. The investigation and 
repair of this building, which were accomplished during four field seasons 
under the supervision of Mr. Morris, have thrown much new light on the 
last phase of the Nahua Period. 

Between the close of the Middle Period and the springing of the Nahua 
style into full bloom, there may be expected to have been a time of transi¬ 
tion, study of which is obviously most desirable for comparative purposes. 

The Caracol, the second structure that has engaged the attention of the 
Chichen Itza project, gave promise of representing such a transition. Its 
location in a quarter of the city in which all the other important structures 
are of the Middle Period has been an added incentive for its investigation. 
The building is also of unusual interest in that it represents by far the 
finest and best-preserved of the comparatively few round structures in the 
Maya area. Furthermore, the deep windows in the upper part of the tower 
which have orientations of west, southwest and south, have long led to the 
supposition that this was an astronomical observatory. 

In 1925, Mr. Ricketson undertook the very imperative repair of the three 
remaining windows and the strengthening of a section of the southeast 



DIVISION OF HISTORICAL RESEARCH 


109 


outer wall and arch which was in a state near collapse. During the 1926 
field season, Mr. J. Eric Thompson was in charge of the work of repairing 
the upper stairway, clearing a section of the upper terrace and starting the 
laborious task of replacing the five-member cornice of the tower, the only 
such cornice known in the Maya area. 

Subsequent years, with the exception of 1928, were devoted to the com¬ 
plete excavation and repair of the structure. From a great mass of fallen 
stone with only a portion of the tower jutting skyward, there has now 
emerged a large rectangular terrace supporting a second, each with its 
broad stairways flanked by balustrades of intertwined serpents. Surmount¬ 
ing the upper terrace is the round tower with its two concentric rooms and 
the circular stairway built into the great mass of masonry which forms the 
central core. The stairway leads to a small chamber in the top of the tower 
from which open the horizontal shafts or windows which are thought to 
have served for observing astronomical phenomena. 

Excavations have shown that time after time the plans were changed 
during the course of construction of the Caracol complex. The stairway 
of the lower platform was enlarged and serpent balustrades added. Two 
platforms, one within the other, and the later one surmounted by a colon¬ 
naded temple, were built to the south of the lower stairway and against the 
lower platform. Originally rising from the main platform was a large cir¬ 
cular structure of solid masonry. Barely completed, it was encased within 
a second circular structure, the western half of which was in turn concealed 
by a rectangular platform carrying a broad stairway. This final addition 
was then extended eastward to form the great rectangular terrace from 
which rose the Caracol tower. 

The Caracol, a complex so extremely specialized in form and the only one 
of its type at Chichen Itza, except for the Casa Redonda, a very crude 
round building recently discovered a kilometer to the east, must of neces¬ 
sity have played an important part in the life of the city. As one of the 
larger structures and occupying an important position in a precinct con¬ 
taining a majority of buildings of the Middle Period, its development and 
architecture are significant. The story read in the excavations is one of 
indecision, change and quick building sequence. The unspecialized arch 
stones, sculptured hieroglyphs, stone lintels and substructure with rough 
stone facing are indicative of the Middle Period. The elaborate stone roof 
ornaments and stone incensarios belonging to the Nahua Period may well 
have been added to bring an early structure into conformity with a later 
style. 

Much work yet remains to be done before the problems raised by the 
Caracol can finally be settled. For a better determination of the period to 
which the structure belongs, a series of trenches between it and the Monjas, 
Akabtzib and Casa Colorada should prove helpful. A detailed study of 
sculptured material, especially of the mask decorations should be under¬ 
taken. Relationships between the Monjas or other definitely known early 
structures and between the Caracol and later structures may well be 
developed. 

To date, the Caracol and the Casa Redonda, both at Chichen Itza, are 
the only round buildings in the Maya area that have been excavated. An 
examination of similar structures which exist at Mayapan, Paal Mul, 
Oxthindzonot and Muyil should be undertaken. Analytical comparison 
should lead to better understanding of their position in the architectural 
history of Yucatan, and perhaps shed further light on the function of the 
Caracol. 
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Archeological Work at Uaxactun, by A. Ledyard Smith 

The ruined city of Uaxactun, in the Department of the Peten, Guatemala, 
was discovered by Dr. Morley in 1916. Study of the hieroglyphic inscrip¬ 
tions upon its monuments indicated that it had been both the oldest and the 
longest occupied of all known cities of the Maya Old Empire. Hence, in 
spite of the great difficulty of carrying on excavations at a site buried in 
dense tropical jungle and to be reached only by long river and mule-train 
journeys, Dr. Morley recommended its investigation by Carnegie Institu¬ 
tion. It gave, in his opinion, exceptional opportunity for studying the 
earlier phases of Maya development and for following the progress of Maya 
culture through the period of greatest brilliance. The project was inaugu¬ 
rated in 1925 under direction of Mr. Ricketson and has continued to the 
present time. In 1931 the writer was in charge, assisted by Mr. Robert 
Smith, Mr. Monroe Amsden acting as business and transport manager. 

During previous years attention had been devoted to Group E, a collec¬ 
tion of temples surrounding an open court or plaza. Former Year Books 
record the discovery and clearing of the excellently preserved Structure 
E-VII and the finding under the plaza floor of stratified refuse deposits 
laid down at a time when Maya civilization was apparently just taking 
shape. In 1931 we resumed work in the plaza of Group E; carried forward 
the investigation of Group A, begun last year; tested house-mounds; sunk 
a pit into a natural well-like cavity in the rock; and made casts of a number 
of monuments. 

At the opening of the season decision had not yet been reached as to 
whether or not the excavation of Uaxactun should be continued beyond 
1931. We therefore planned to bring to completion all units of work which 
had been begun in former years. At the same time, but without committing 
ourselves to new activities of major scope, we wished to conduct certain 
tentative investigations in order to make recommendations for the future. 
To Group E first attention was accordingly directed and a month was de¬ 
voted to sinking to bedrock and continuing all the way across the plaza a 
ten-foot, westward-running trench that had been started at its north end. 
The purpose of the'trench was to cross-section the plaza and determine how 
it had been built up. It was found that, to level the court, retaining walls 
had been built at the east end. This had not been necessary at the west, as 
the limestone dips eastward, being only about two feet below ground-level 
at the west. The deposit proved to be of great interest, containing stratified 
debris and fill which yielded large amounts of broken pottery, representing 
sequent periods of the city’s early history. Burials were also encountered. 
In the underlying limestone we encountered a series of rock-cut chambers 
similar to, but more carefully made than, the chultunes or reservoirs found 
in many parts of the Maya area. Pyramid E-IX was outlined by removal 
of fallen material encumbering its sides and base. It proved to have had 
stairways on all four sides. The temple which once crowned the structure 
had completely disintegrated, but there came to light a ceremonial cache of 
two pottery dishes, set rim-to-rim, containing seven flint implements and 
surrounded by two large obsidians, two flint daggers and a large flint 
chipped to eccentric shape. The annex-mound on the south side of Pyramid 
E-VII, trenched during a former season, was further investigated and 
found to contain a small plastered pyramid, E-XII, which once had had 
staircases on four sides. Some of the original red paint still adhered to its 
coating of plaster. In excavating the mound we uncovered the south side 
of the secondary structure which had been built over Primary Pyramid 
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E-VII and which had preserved the latter in the splendid condition in 
which it was found in 1928. The secondary structure, having been exposed 
to the weather and the destructive encroachment of the jungle, had been 
almost entirely ruined, but at this point a portion of it had been protected 
by the annex-mound. It proved to have masks superimposed upon those 
of the earlier pyramid. Mounds E-X and E-VIII were also excavated and 
found to be a single structure. We trenched through E-XII and determined 
that it was a long, low platform with no building upon it. 

Work in Group A, a complex of mounds, buildings and courts with many 
stelse, located on a ridge about a half mile from Group E, was started 
a month after the expedition arrived at Uaxactun. Attention was devoted 
to Pyramid A-I, which had been partially excavated in 1930. Like so many 
Maya constructions, it proved to have grown to its final form by several 
accretions. In this case four pyramids, each of a different type of archi¬ 
tecture, had been built one upon the other. The latest pyramid was in very 
bad condition; the next to latest, or tertiary, revealed a small culminating 
sanctuary containing some very fine polychrome pottery. Below the sanc¬ 
tuary lay the top of the secondary pyramid. Here was made the most 
important find of the year: two vaults with burials accompanied by a 
magnificent series of ten polychrome mortuary vessels in perfect condition. 
One of the pieces, a cylindrical vase decorated with a procession of priests 
or deities in full regalia, bore an Initial Series in the monumental manner 
apparently recording the date 7-5-0-0-0, 8 Ahau, 13 Kankin(?). Com¬ 
ment upon this inscription, which does not lead to the terminal date actu¬ 
ally recorded, and which indicates a date not only much earlier than any 
hitherto discovered, but one which does not accord with the sophisticated 
style of the painting, must be withheld pending its study by Dr. Morley 
and other hieroglyphic specialists. A peculiar circumstance was the finding 
in the vessel of the skeletons of 104 shrews, a number equaling eight times 
thirteen, the two figures involved in the day and month counts expressed in 
the Initial Series. 

The complex architectural conditions encountered and the great care 
necessary in noting and removing the contents of the burial chambers re¬ 
sulted in Pyramid A-I not being completely excavated. The primary or 
innermost structure has not yet been touched. 

Among the exploratory investigations mentioned above was the testing 
of A-V, a large many-roomed building of the so-called “palace” type. The 
three rooms cleared were found in reasonably good condition. The archi¬ 
tecture of Old Empire “palaces” not being well understood, and their func¬ 
tion, both in the Peten and in northern Yucatan, being still a matter of 
doubt, it is felt that further work in this Uaxactun example would amply 
repay the time and expense involved. Another test-project was the trench¬ 
ing of two house-mounds, a quarter-mile from Group A. An attempt was 
made in 1929 to estimate the size of the population of UaXactun by means 
of a count of the house-mounds in a given area, but no excavation having 
been done in them, it was not certain whether or not they had been occupied 
contemporaneously, nor, indeed, whether they had actually been the sub¬ 
structures of dwellings. Our trenches demonstrated that these low plat¬ 
forms had, in fact, supported houses of perishable materials. Upon their 
floors were burials. Pottery was collected which may throw light on the 
question of their relative date. 

A pit was sunk into a “sink bole” or natural well. At a depth of 20 feet, 
bottom had not yet been reached although potsherds and pieces of obsidian 
were still being encountered irHhe black clay with which the well is filled. 
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The shaft should certainly be continued, as it offers possibility of yielding 
important stratigraphic information. 

An arduous but necessary undertaking was the making of paper squeezes 
of seven of the dated stone monuments. Upon these are carved some of 
the most important of all Maya inscriptions. It was therefore felt that a 
permanent record should be made in the form of casts which could be pre¬ 
served and studied in museums. Uaxactun is not only a very difficult spot 
to reach, but the monuments might well be lost to view for centuries should 
tile site be allowed to revert to the impenetrable jungle which the expedi¬ 
tion has temporarily cleared away. 

The party was most fortunate in having with it three biologists from the 
University of Michigan: Dr. A. Murie, mammologist; Dr. J. Van Tyne, 
ornithologist; and Dr. H. Bartlett, botanist. In addition to being most 
valued field companions, these gentlemen were able to supply us with many 
interesting and significant data upon the flora and fauna of the Peten and 
so enable us to begin to reach an understanding of the environment in 
which the ancient Maya lived. Dr. W. Cooke of the United States Geo¬ 
logical Survey also worked at Uaxactun. He studied the geology of the 
region, paying particular attention to the bajos or logwood swamps. Dr. 
Cooke believes that these low-lying areas, which are now overgrown with 
a low and almost impenetrable scrubby bush, may formerly have been 
lakes. If further examination confirms this hypothesis, and if the bajos 
can be shown to have contained permanent water during the period of occu¬ 
pancy of this region by man, many hitherto pussling problems of water 
supply and of transportation will be solved. 

As result of the season’s work, the writer strongly recommends continu¬ 
ation of the Uaxactun project. He feels that Pyramid A-I should be com¬ 
pleted; that the palace, A-V, should be cleared and studied; and that 
attempt should be made to make as full as possible the already very 
significant, but so far not continuous, ceramic record. Much work, further¬ 
more, still remains to be done in biology, meteorology, soil conditions and 
other non-archeological lines. 

The Present Status of Archeological Investigation in Guatemala, 
by 0. G. Ricketson jr. 

The termination in 1931 of the sixth season at Uaxactun concludes the 
second most intensive examination so far carried out of any Maya site, and 
if it is decided to continue work there for another two seasons, data will in 
all probability be furnished with which to correlate the time-relations be¬ 
tween the five main groups composing this ruin. As a result of the work 
already accomplished, we can say with absolute assurance that in this, the 
oldest dated Maya ruin so far discovered, and in presumably the oldest 
portion of that ruin, no evidence has been obtained to indicate that any race 
other than the typical brachycephalic Maya ever occupied this region; nor 
has any evidence been found to indicate esthetic developments, ceramic or 
otherwise, outside the Maya horizon in its broadest aspects. A marked 
progressive development within, from early to late, does occur, and there is 
strong evidence in the lowest, i.e., earliest, strata to indicate a long occu¬ 
pancy for that period. 

A stage of the Institution’s investigation in the so-called (< 01d Empire” 
has now been reached in which the importance of continuing the work at 
Uaxactun decreases and the importance of Jinking-up the Lowland Maya 
culture, as typified at Uaxactun, with ilp parent stem correspondingly 
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increases. 1 believe that further excavation at Uaxactun will yield only 
more detailed information in regard to those general features which we 
already know, and that the advancement of scientific knowledge would be 
better served by a comparison of the data already obtained with that 
obtainable in some Highland Maya site; the evidence of the earliest 
Uaxactun strata points strongly to the Highlands of Guatemala, an area 
abounding in ruins, few of which have been examined at all, and none inten¬ 
sively. This region is one where, by reason of climatic and economic con¬ 
ditions, important archeological data may be obtained for the expenditure 
of less money and less human effort than has been necessary at Uaxactun. 
The recommendation of any one Highland site for intensive examination 
should not be made without at least one season’s reconnaissance. The 
reconnaissance should include the sinking of pits and their expansion into 
trenches wherever indicated; it would certainly result in an important 
ceramic collection, by means of which the types and stratigraphy of pottery 
at various sites would be revealed as well as the pottery relations between 
sites, including, of course, Uaxactun. That there is urgent need for such an 
investigation, the ruins of Quirigua alone attest—in this case we have a 
well-known and accessible ruin, the site of two seasons’ excavations, but 
one in which no test-pit has been sunk to determine the conditions below 
present ground-level. If this is the case in Quirigua, the state of our 
knowledge in other sites may well be imagined. 

Such information as I have gleaned during a residence in Guatemala for 
the major portion of the last two years has been culled from casual vendors 
of pottery to the tourist trade and a few small personal collections; in both 
of these cases the provenance of objects is generally vague when not actu¬ 
ally open to serious doubt. A few brief comments may be permitted here. 

One of the most productive centers seems to be Santa Cruz Quiche. 
Presumably the pottery comes from the ruins of Utatlan and nearby burial 
mounds. Most of it is primitive in type, distinctly Maya, and on the whole 
monotonously uniform. Simple plates, tripod vases, and small ollas are 
not unlike those from Uaxactun, but certain forms decorated with human 
or grotesque heads in both low and high relief seem to be characteristically 
Highland in origin. Polychrome does not occur, or at least never reaches 
the market. Crude human figurines of stone, with plain, more or less rec¬ 
tangular, incised lineB occur in great frequency in all sizes from 1 to 6 
inches high. 

For variation in form and color, and for quantity, the ruins of Chuiti- 
namit on Lake Atitlan are the most productive I have seen. Dr. Kidder 
and Dr. Roberts visited this site and the latter felt that here much influence 
must have come from the south, and that it lies too far west to come into 
the strict Maya sphere. 

A small collection from the West Coast beyond Retalhuleu, said to have 
been found in river sand twenty feet below the surface, contained the most 
primitive pieces I have seen. They differed notably from Maya, as might 
be expected. 

Arevalo and Miraflores, in reality one very large site just outside Guate¬ 
mala City, are the source of many figurine heads and occasional whole pota, 
the former bearing a close resemblance to the figurine heads from the lowest 
stratum at Uaxactun. Conditions here seem ideal for obtaining important 
stratigraphic data. 

Mr. Carlos Luna of the Sociedad de Geografia informs me that a very 
large site near El Rancho on the Puerto Barrios branch of the railroad, 
called San Augustin Acasaquastlan, is extremely rich in vaulted burial 
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mounds containing many whole pots with each burial. Both he and the 
Sociedad de Geografia are experiencing much difficulty in protecting this 
site from the ravages of commercial pot-hunters. Since it is located in the 
upper reaches of the Motagua Valley less than 125 miles from Quirigua it 
shows strong Maya connections. The only pottery from this site which 1 
have seen is magnificent Maya polychrome and a most interesting green 
ware not dissimilar from the plumbate found scatteringly in the Maya area 
and more frequently in Salvador. As the evidence seems to be that the 
Maya were a Highland people whose culture was destined to extend into 
the Yucatan Peninsula rather than south or west, the location of San 
Augustin Acasaguastlan in the eastward draining Motagua indicates a site 
which will undoubtedly repay examination. 

Between the Motagua drainage on the south and that of the westward- 
flowing Rio de la Pasion on the north extend the Alta and Baja Vera Paz 
districts; these comprise an easterly extending spur df the main Sierra 
Madre. Where these Highlands fall into the Lowlands of the Peten, inter¬ 
esting data should be obtainable. It is an area, apparently, purely Maya. 
The country heretofore has been extremely inaccessible; it still remains one 
in which travel is by mule and on foot only, but its capital, Coban, may now 
be reached by aeroplane in two hours as against a previous five days or 
more. This territory forms the true base of the Peninsula of Yucatan. 
Mr. Dieseldorf, a resident coffee-planter, has published descriptions of many 
fine pieces, all Maya. 

Taking into consideration the present state of knowledge in the Maya 
area, I believe that the following program is best fitted to meet the chang¬ 
ing requirements: 

1. Cessation of work at Uaxactun is recommended, because the six sea¬ 
sons at this site have given us all the detailed information that can be 
profitably assimilated at this time; further effort to obtain the correlation 
of the time-element between the various Uaxactun groups can not have the 
significance that the correlation of Uaxactun itself with other sites will 
have. 

2. The cessation of the work at Uaxactun should be followed by a period 
devoted primarily to the study and publication of the material already 
obtained, and secondarily to the determination of which Highland site 
would most richly repay intensive examination. The reconnaissance neces¬ 
sary to reach this determination will naturally result in an invaluable 
ceramic collection from many sites. One season’s exploratory work in the 
Peten using the Institution’s camp at Uaxactun as a base would also yield 
much valuable archeological information. 

3. Inauguration of an intensive archeological project in the Highlands of 
Guatemala, be this the exhaustive examination of a single site for several 
years or the less extensive examination of several sites devoting one year 
to each. 

Problems in the Study of Maya Ceramics, by H. B. Roberts 

The general problem toward the solution of which the Division of His¬ 
torical Research is directing its efforts was formulated and discussed by the 
Chairman in his report to the Trustees last year. The interpretation of the 
results of the “meeting of two races of diverse physical make-up and differ¬ 
ing culture” must rest on a thorough knowledge of the constituent elements 
of the conflicting cultures. To that end the archeologist is working; bending 
every effort to synthesize the data obtained, through a study of the various 
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categories of material culture, in order that, finally, he may present an 
accurate picture of the state of Maya culture at the time of the introduction 
of European blood and civilization. 

Of the various divisions of material culture which aid in the reconstruc¬ 
tion of the history of an aboriginal people, one of the most useful is a study 
of their pottery. Frequently the only clue to the sequence of cultural 
periods has been furnished through a study of the potter’s product. Ques¬ 
tions of origin, tribal movements, trade with contemporary peoples, the 
influence exerted through external contacts, and even minor oscillations of 
culture within a definite period may be solved in the story of the potsherd. 
The problem of the ceramicist is, then, to discover those factors in the 
origin and growth of Maya culture which are not readily ascertained 
through the study of any other medium. 

The presentation of ceramic material in the literature has been little 
more than descriptive; no attention has been paid to the chronological ar¬ 
rangement of the wares, nor has the investigator tied his particular group 
into the whole range of Maya pottery. The most notable exception to this 
neglect of Maya pottery in the past has been the work of Dr. George 
Vaillant. In an unpublished manuscript, submitted in partial fulfilment of 
the requirements of the degree of Doctor of Philosophy at Harvard Uni¬ 
versity, he has identified the major wares and arranged them in a partial 
sequence. This chronological sequence is based on evidence uncovered 
some years ago at Holmul by Dr. R. C. Merwin and by Dr. Vaillant in the 
Group of the Phalli at Chichen Itza. Careful consideration of the present 
status of ceramic investigation in the Maya area clearly points to the need 
of accurately documented collections with which the great mass of existing 
material can be compared and consequently arranged in a time sequence. 
The specific problem is, then, the collection of stratigraphic evidence of the 
origin, growth and decay of Maya pottery. 

Recent work at Chichen Itza and at Uaxactun has demonstrated that this 
is not an impossible task and that it does not involve great projects nor the 
expenditure of large sums. Trenching in plazas, dead cenotes, low-lying 
areas near buildings will produce the evidence required. In those favorable 
locations where large sites are in the process of investigation, additional 
data may come through the careful study of sherds from various parts of 
buildings, particularly those structures which have undergone architectural 
changes at different times in their history. 

In dealing with the product of peoples high in the scale of cultural evolu¬ 
tion, one is confronted with an enormous mass of material generally pro¬ 
duced in a wholesale fashion. The nature of this product is such that it is 
capable of indicating only the great and abrupt changes in culture. In 
considering this mass it is necessary to find those wares, probably minor 
or special wares, 01 " those modifications of the fundamental body shape, 
which are time carriers. The stratigraphic work at Chichen Itzi and 
Uaxactun has indicated that much valuable information will come from a 
careful study of rim form, changes in type and location of handles, and 
shifts in styles of decoration. 

Further, a portion of this specific problem will be the study of the compo¬ 
sition of the pastes of the different wares. An analysis of the clays and 
tempering materials used in the preparation of the paste and the location 
of the source of these substances should enable the investigator to identify 
the foreign wares from those made locally. Crude beginnings along this 
line have already demonstrated that certain wares could not possibly have 
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been made in the region in which they are found, unless the clay used was 
imported. 

With the exception of isolated descriptions of the present-day processes 
used in the manufacture of pottery vessels, little attention has been paid to 
this important field of investigation. It seems likely that a study of the 
various processes in use in the Maya area today may point to the solution 
of pre-Spanish problems which as yet can not be understood. 

Finally, it is impossible to complete the story of the development of 
pottery making among the Maya without a wide knowledge of the ceramic 
product of contemporary neighbors of this people. 

The best approach to a study of Maya pottery, in the opinion of the 
writer, is one based on intensive research in regions which seem to have 
been centers of ceramic development. The territory of the Maya has been 
divided into a series of geographic regions which seem to be, on the basis of 
existing material, ceramic units as well. These districts, which are the 
same as those used by Dr. Vaillant in his unpublished manuscript on The 
Chronological Significance of Maya Ceramics, are: 

1. The Peninsula of Yucatan 

2. The Peten 

3. Copan-Salvador 

4. The Highlands of Guatemala 

5. The Uloa Valley and Honduras 

6. Coban and the Motagua 

7. Chama and the Chixoy 

8. Chiapas and Southern Mexico. 

It has seemed best to begin with the peninsula of Yucatan because of the 
great mass of documented sherd material which is now available from 
Chichen Itza. The origin of the Maya ceramic group is one of the most 
important problems with which the archeologist must deal. The recent 
work at Uaxactun and the earlier investigations at Holmul suggest that in 
the Peten study an indication of the source of Maya pottery may be forth¬ 
coming. The similarity of certain Uaxactun figurines to those of Salvador 
would indicate that a study of the Copan-Salvador material should follow. 
The next step is to consider the ceramic history of the Highlands of Guate¬ 
mala. Whether or not the other districts should be studied in the order 
named will depend on the results of the earlier work and on the opportunity 
to carry out these investigations. 

A ceramic research such as outlined above should eventually produce as 
complete a picture of ceramic development as it is possible to obtain. When 
all the material has been drawn together, and the full story of the origin, 
development and decay of the manufacture of pottery among the Maya is 
known, will it be possible to so correlate this data with the evidence from 
the other categories of material culture that we may describe with confi¬ 
dence any particular stage in their history? Shall we be able to demon¬ 
strate the value of a ceramic history to answer questions of culture growth 
and break-up when no other data are available? Can we safely interpret 
events in the life of a people with no other evidence than that furnished by 
important changes in ceramic styles and wares? Can we say that degenera¬ 
tion in pottery always precedes actual cultural decay? The ultimate prob¬ 
lem from the ceramicist’s point of view in these researches in Maya pottery 
may be stated a?follows: “Is the complete story of the origin, development, 
and disintegration of the art of pottery making among any people an index 
of these same processes in their history”? 
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Architectural Problems in the Maya Field, by H. E. D. Pollock 

Certainly one of the most impressive facts pertaining to the civilisation 
of the ancient Maya is the extraordinary activity of these people as build¬ 
ers. Any one even moderately well acquainted with the territory occupied 
by this civilization can not but have marveled at the vast number of ruins 
that lie hidden on every hand in the dense growth of bush and jungle that 
covers those parts of Mexico and Guatemala inhabited by the Maya. The 
narrow trails that traverse this country are continually passing by, or lead¬ 
ing over, low mounds and platforms, often difficult to separate from the 
natural contours of the land, but usually offering some peculiar features to 
distinguish them as the handiwork of man rather than of nature. The 
number and extent alone of such artificial hillocks mark the Maya as inde¬ 
fatigable builders, but fortunately for the student there are also many 
buildings in a sufficiently good state of preservation to show that these 
people were not only untiring workers, but architects of a relatively high 
order. The great stone cities of Yucatan and Guatemala, first brought to 
general attention nearly one hundred years ago, and much discussed in 
recent years, contain many excellently preserved structures; and every 
worker in the field knows that there are scores of less conspicuous sites 
containing literally hundreds of buildings in various stages of ruin, many 
of which offer valuable architectural details to the student. 

It is now believed that nearly all surviving Maya structures served in 
one way or another for religious purposes, but whether this surmise is cor¬ 
rect or not, their size and elaboration mark them as works of communal 
labor; and it seems fair to assume that, outside of work pertaining to the 
ordinary domestic economy, no other activity occupied so much of the 
energy of the Maya as did his architecture. 

In two articles appearing in recent Year Books of the Carnegie Institu¬ 
tion 1 attention has been called to the need of a general survey of Maya 
architecture. The importance of this work can hardly be overestimated, 
but before attempting to discuss any future course of action, it may be well 
to review briefly the present status of the Maya architectural problem. 

At present there is a very considerable body of published material upon 
Maya buildings. No serious effort, however, has yet been made to coordi¬ 
nate the available data, the reason presumably being that those acquainted 
with the literature realize that in its present form it is too fragmentary to 
provide a basis for an adequate survey of Maya architecture. Dealing 
with the broader aspects of the situation, our present knowledge allows us 
to divide the Maya area into eight or nine regions that appear to be char¬ 
acterized by more or less distinctive features of assemblage, construction, 
or decoration. Because these regions have been associated with certain 
periods in Maya history through nebulous historical records, and through 
a somewhat larger and more reliable body of hieroglyphic calendrical in¬ 
scriptions, it is customary to assign their architectural remains to time 
periods that accord with the historical and calendrical data; and although 
some effort has been made empirically to trace the development of archi¬ 
tectural forms, our knowledge of the evolution of Maya architecture is still 
for the most part dependent upon external, rather than internal evidence. 
In the present embryonic state of Maya archeology a situation of this sort 
is not extraordinary. The possibilities of a short cut to the reconstruction 

1 8. G. Morley, Tear Book No. 28. pp. 829-333; A. Y. Kidder, Year Book No. 29, pp. 
91-119. 
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of history offered by the understanding of so fine a time machine as the 
Maya calendar have of course long been apparent to workers in the field, 
with the result that during the past two or three decades intensive work on 
hieroglyphic material has obscured the value and caused neglect of such 
other important lines of research as architecture and ceramics. It is indeed 
not impossible that the supposed “open sesame” of the calendar may actu¬ 
ally have led us into erroneous beliefs in regard to certain aspects of Maya 
history. The addition, therefore, of another category of evidence, such as 
it is hoped may be found in architecture, should not only tend to fill the 
gaps in our present knowledge, but should serve as an extremely salutary 
check upon hypotheses now current. 

Whatever the eventual worth of a survey of Maya architecture may 
prove to be, and whatever may be the ramifications to which it leads, its 
immediate aim is to establish one or more sequences of architectural forms 
that will be intelligible both chronologically and geographically in the 
interpretation of Maya history. A study of this sort should stand as an 
independent index to the development of Maya culture, to be coordinated 
with the many other indices which eventually will go to make up the whole 
story of the Maya; it should stand as an aid to the rest, and not be a pas¬ 
sive factor totally dependent upon other lines of research for its own inter¬ 
pretation. This is not to be understood as meaning that related fields such 
as calendrical material and ceramics, which may well prove of great aid in 
building up architectural sequences, should be neglected, but rather that 
architectural conditions should first be allowed to speak for themselves in 
creating the desired sequences. It is hoped that, given a sufficiently large 
and detailed knowledge of the remains, a natural development in forms and 
practises will become manifest and that in many instances buildings may 
be assigned to proper chronological position upon internal evidence alone. 
General laws in the development of architecture have been found to hold 
tarue when dealing with other civilizations, and there is no reason to believe 
that similar laws may not have been operative in the case of the Maya. 

As previously intimated, a considerably greater and more detailed knowl¬ 
edge of architectural remains than now exists is necessary for any compre¬ 
hensive study. Undoubtedly the first step is to sift ail earlier work, reject¬ 
ing what is unfit, and carefully to arrange and coordinate the remainder to 
form a framework, or at least a starting point, for the further information 
that will be acquired in the field. This review should present opportunity 
for devising a convenient and efficient system for handling the great amount 
of material that must be collected. The importance of an intelligent and 
clear arrangement of data can hardly be overestimated, for unrelated facts 
mean nothing. Turning to the work in the field, it may be said that the 
larger aspects of assemblage, construction, practise and decoration must be 
studied, and that the component parts of buildings must be examined and 
carefully noted. This means that architectural remains should be treated 
not only as single buildings, and groups of buildings, but that each structure 
should, figuratively speaking, be dissected, its elements be recorded by 
means of drawings and photographs, and the facts thus accumulated be 
logically ordered for comparative study. Only through detailed analysis of 
this sort is there any hope of establishing a chain of evolution in architec¬ 
ture. It is quite possible, however, that even this meticulous process will 
prove insufficient to make clear the development of forms and practises, 
and the unerring guide of secondary construction in the form of superposi¬ 
tion, lateral expansion and renovation should carefully be watched for. A 
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factor militating against uniform development is that of varying environ¬ 
ment, especially in the matter of available supplies of building stone. The 
Maya territory and its architecture are both fairly homogeneous, but local 
peculiarities must be given consideration from the aspect of environment, 
and not simply be interpreted chronologically. 

At the very outset of any project of this nature, one comes face to face 
with certain practical considerations that often dictate a course of action 
quite different from the theoretical ideal. In the present instance, the ideal 
would of course be to excavate every building in the Maya area and record 
all possible information in regard to it. This is obviously impossible. The 
tremendous quantity of remains, and their general inaccessibility, makes 
all thought of excavation, other than of the most cursory sort, out of the 
question; but it is hoped that remains still above ground will provide suffi¬ 
cient material to carry on the study. Not only must extensive excavation 
be set aside, but at first it would appear advisable largely to restrict work 
to known sites rather than to indulge in much exploration. When a con¬ 
siderable body of material has been collected, certain obvious gaps in our 
knowledge will immediately become apparent. Then exploration particu¬ 
larly dedicated to the filling in of these gaps may be carried on. Accepting 
these practical considerations of little excavation and restricted explora¬ 
tion, it would not appear to matter greatly in what region operations are 
begun. The entire area must eventually be covered, and in fact it will 
probably be necessary to have data from nearly all regions before lines of 
growth become intelligible. This is merely another way of saying that 
much must be done before conclusions may justifiably be drawn, and in this 
statement we have the crux of the problem immediately at hand. With the 
collection of further material from representative sites of the various regions 
of the Maya area, and its careful arrangement in conjunction with facts 
already known, will come both opportunity and necessity for interpretation 
and inference. 

Medical Survey of Yucatan, by George C. Shattuck, M.D. 

During the period under review, no field investigations were in progress, 
the medical party having returned from Yucatan in the spring of 1930. 
Since that time attention has been devoted to preparation of the report 
upon the work of the two preceding seasons. This is now ready for the 
press. It therefore seems appropriate to summarize the information gained 
to date, to formulate the outstanding problems which have emerged, and to 
lay plans for the future. 

The object of the 1929 expedition was to make a preliminary medical 
survey of Yucatan. With this purpose in view two centers of population, 
Dzitas and Chan Kom, were selected for special study. Dzitas exemplified 
the small town of mixed population having railway communications with 
the outer world, and Chan Kom typified the large, isolated village of practi¬ 
cally pure Maya stock. In both places free clinics were held which made 
it possible, not only to examine a large proportion of the entire population 
of these localities, but also to supply the laboratory with quantities .of 
material. 

The physical examinations made in the clinics showed the development 
of the individual, his state of nutrition and the presence or absence of 
characteristic physical signs of diseases. The laboratory studies included 
estimates of hemoglobin, typing of blood specimens, Kahn and cholesterol 
reactions which have a significance like that of the Wassermann test, exami- 
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nations of blood smears for malaria, Schick testing to determine suscepti¬ 
bility to diphtheria, examination of feces for protozoon or helminthic 
parasites, such as the amoeba of dysentery and the hookworm, culturing 
the feces for pathogenic bacteria, and bacteriological testing of water sup¬ 
plies. Local epidemiological data were obtained by abstracting the records 
of births and deaths in Dzitas, and by house-to-house visiting and census 
taking in Dzitas and in Chan Kom. Meanwhile, numbers of patients were 
examined and treated almost every day in the laboratory at Chichen Itza 
and visits were made to various Indian villages. Conditions in them were 
found to be similar to those in Chan Kom. During the 1930 season the 
principal objectives of study were the basal metabolism of Maya Indians, 
their blood pressures and their blood pictures with special reference to 
anemia. This work was done at Chichen Itza. In Valladolid, the relative 
prevalence of syphilis among Maya Indians and Yucatecans was investi¬ 
gated. Data on blood pressure, anemia, malaria and other diseases were 
likewise obtained. 

The work of the expedition has provided much information about the 
prevalence and distribution of disease in Yucatan. This information relates 
not only to bacteriological and parasitic diseases but to maladies of nutri¬ 
tion as well. There is also a large quantity of statistical data upon infec¬ 
tious diseases in the districts of M6rida, Progreso, Ticul, Valladolid and 
Peto, which was laboriously copied from unpublished official sources, and a 
quantity of meteorological data, based upon official observations over a 
period of five years in Merida and also in Valladolid. 

Our observations make it clear that dysentery and similar infectious 
diseases of the intestinal tract are responsible for about one-third of all the 
deaths in the State of Yucatan. Two groups of disease compete for second 
place: the malarias and acute respiratory troubles. The Maya Indians 
appear to suffer very little from syphilis; the significance of this phenom¬ 
enon is not yet understood. 

There are many medical problems in Yucatan which are worthy of 
further study. 

1. The relative prevalence of the three kinds of malaria and their distri¬ 
bution in the Peninsula is practically unknown. 

2. The relative prevalence of amoebic dysentery, its distribution, and its 
significance as a cause of sickness or of death is a matter of conjecture. 
Further study of the bacterial dysenteries of Yucatan would yield very 
interesting results. 

3. More information is needed about the prevalence of syphilis and of 
other venereal diseases and, particularly, as to the amount of damage actu¬ 
ally caused by syphilis in Yucatecan communities. Related questions of 
the greatest scientific interest and of worldwide importance relate to the 
immunology of syphilis as it appears in various races in Yucatan, and 
among the Maya in particular. 

4. The status of trachoma, a disease which might produce an important 
health problem in the future, should be known; and a satisfactory means of 
diagnosis, as well as the cause and means of prevention of folliculosis of 
the conjunctiva should be determined. 

5. It is of serious concern to those who engage in the gathering of chicle 
in the forests of Campeche or in those of Quintana Roo that means should 
be found by which they may protect themselves from “chiclero ulcer.” 
Typical cases of this disease are believed to be caused by infection with 
Leishmania. 
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Further study of the prevalence and distribution of amoebic dysentery 
and of malaria in Yucatan will, probably, be undertaken in the near future; 
during the early months of 1931 additional information was obtained about 
folliculosis in Yucatan; and it is hoped that investigations of syphilis and 
of other diseases among the Maya of Guatemala may be undertaken next 
year. 

Although much more study is required to enable man to improve and to 
extend his control of infectious diseases in the tropics, and to improve treat¬ 
ment for these diseases, so much has been learned already that a great deal 
can now be done wherever funds are available for the purpose. 

But there is a vast new field of work which has scarcely been touched 
thus far and which will inevitably be recognized more and more generally 
as of paramount importance. I refer, firstly, to the physiological mechanism 
of adaptation to life in the tropics, not only as it exists among indigenous 
races, but also as it affects individuals belonging to races which have de¬ 
veloped in a temperate climate and who have gone to live in the tropics 
temporarily or permanently; and, secondly, to the discovery and application 
of means of mitigating the ill effects of tropical environment. 

It would seem that this great group of questions might be attacked from 
two sides; namely, by physiologists on the one hand and by climatologists 
on the other. 

The work of the physiologist is greatly handicapped in the tropics by the 
presence of disturbing factors which may be impossible to control and 
which may, otherwise, be difficult or impossible to evaluate. Normal stand¬ 
ards must be based upon the study of normal individuals, but malaria, 
hookworm disease, faulty diet, and unhygienic habits, such as the excessive 
consumption of alcohol, or a combination of these factors very frequently 
complicate the picture. 

Yucatan has two special advantages for such studies: firstly, hookworm 
disease is practically non-existent there; and, secondly, malaria is far less 
common and is, generally, less severe than in other parts of the tropics. 
Unhygienic habits and doubt as to the adequacy of diet must be reckoned 
with in Yucatan, however, as in most other tropical countries. 

The true nature and cause of “sun-stroke,” “heat exhaustion,” and 
“siriasis” requires further study, not only in various kinds of tropical 
environment but also in the hot summer climates of the temperate zone. 
Why, for example, is the sun regarded with so much dread in India and 
in Africa whereas in the tropics of the Western Hemisphere and in the 
Philippine Islands the sun seems seldom to have serious effects? Is this 
mere superstition or would close study of solar radiation and of other cli¬ 
matic factors in these various localities show differences which might prove 
to be adequate causes for the prevailing beliefs? 

The industrial hygienists have already made observations upon the 
effects of heat, humidity and dust content of the atmosphere and upon 
human beings who have been subjected for short periods, to these various 
influences under carefully controllable conditions, but what of the heat or 
humidity or both to which residents of the tropics are subjected for months, 
years, or throughout life? 

Solar radiation has been analyzed quantitatively at Davos in Switzerland 
and elsewhere and new instruments have been devised for the purpose. But 
should not solar radiation be studied in different parts of the tropics by 
similar means? Has it been shown beyond doubt that invisible solar rays 
other than the ultra-violet are harmless? Have cosmic rays any signifi- 
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cance for health? What of atmospheric ionization and atmospheric elec¬ 
tricity, not only in the tropics but also in the temperate zone? 

It is proverbially easy to ask questions and difficult to answer them, but 
are not most of these questions pertinent to health? Is it not essential that 
much more should be known about climate and acclimatization in order 
that the tropics may be fully developed in the future as sources of food and 
of other materials which will be more and more urgently needed by future 
generations of man? 

The problems here suggested are vast. Programs for attacking them will 
require not only the consideration of physicians, of physiologists, and of 
meteorologists, but specialists in certain branches of biology, of chemistry, 
and of physics will be able to make essential contributions also. 

The expense of initiating such work will depend upon the breadth of the 
programs undertaken. Strong financial backing over a period of many 
years will be needed before the results are likely to provide the information 
necessary for the basis of a new hygiene of the tropics. Man must learn to 
minimize the ill effects of tropical climates which are now universally 
recognized to operate against the efficiency of races from the temperate 
zones when they undertake to live or to reproduce their kind in tropical 
environment. 

Sociological Investigation in Yucatan , by Robert Redfield 

There is a marked disposition among social anthropologists to make their 
work a contribution to the understanding and control of life; probably it 
does no harm to be a little presumptuous. At any rate, few students of 
the simpler peoples want their work to result in merely a miscellany of 
curious information, and many quite definitely strive to derive from it some 
general knowledge of human ways. No behavior in nature so challenges 
the usefulness of the scientific method as does human behavior. Some of 
us are disposed to accept that challenge, and to turn our scientific interest 
toward the “what happens, and why” in the ways of men. 

If we are interested in what happens, it seems best to study it while it 
happens. It is true that we want to know the history of the people we are 
studying, because that helps us to learn what experiences have brought 
about their present characteristic behavior. But the history of non-literate 
peoples is poor in intimate materials. Many more facts are knowable 
about changes that go on before one’s eyes. 

There is reason to suppose that such changes may be more easily under¬ 
stood in simpler societies, where the factors in the situation are relatively 
few. This gives the student of the folk peoples an advantage. In Yucatan, 
we believe, for several reasons this advantage can be pressed. The essen¬ 
tially insular character of Yucatan defines the field of study. The history 
of the Maya and of the contact of Indian and Spanish civilization is being 
intensively studied by competent specialists. There exist within a small 
area communities exhibiting a range of civilization from the primitive tribe 
to the urban aggregate. And finally, many of these communities, under the 
influence of modern industrial civilization, are undergoing striking changes. 

With this viewpoint and these hopes, we have begun the study of selected 
communities that lie along this range of civilization. We are seeking to 
make the studies of the separate communities comparable with one another, 
and we are trying to describe changes that are going on. The entire result¬ 
ing description should have a dynamic character; it ought to sketch out a 
process—tiie process of becoming civilised. 
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This year Alfonso Villa and I pursued a study of Chan Kom, a village 
lying about twelve miles south of Chichen Itzd. Circumstances there were 
extremely favorable, due to the goodwill gained in the neighborhood by 
Miss MacKay of the Chichen Itzd staff and to Villa’s two years of selfless 
service in the village as a teacher. We were therefore able to study the 
community with the friendly cooperation of its inhabitants. Materials 
were collected representing the entire round of life of the people. Included 
are detailed materials on the utilization of the land and the expenditure 
and division of labor, and considerable information on both Christian and 
pagan elements in the religious belief and practise. 

We tried, furthermore, to report not merely the abstract patterns of cus¬ 
tom, but also the living community which is the carrier of those customs, 
and the changes which both customs and community are undergoing. The 
particular interest of Chan Kom in connection with the larger project lies 
in the fact that Chan Kom stands right on the frontier of changes now 
going on among the Maya. The people are still a homogeneous folk people, 
dependent upon oral tradition and largely isolated from the world. Yet 
they are deliberately seeking to relate themselves to the more modern 
civilization of the towns, encouraging education, sanitary reforms and 
rational horticulture. In organizing a cattle cooperative to care for cattle 
offered by the Socialist government of the State, the villagers arranged to 
have the shaman perform the ceremony of blood-sacrifice to exorcise the 
evil spirits from the new herds. Chan Kom looks both forward and back. 

This Chan Kom study is to be kept unfinished, for the full significance 
we would like it to have will be realized only if it fits into the series of 
similar studies forming a description of culture and civilization in Yucatan. 
A part of my time was therefore spent this year in preparing for these other 
studies. We wish to include some study of M6rida, for only there is the full 
participation influence of modem industrial civilization realized. There¬ 
fore I made acquaintance with that city and, with Mrs. Redfield’s help, 
investigated the sources of materials there available and collected docu¬ 
mentary and statistical data. We made some study of the newspaper and 
other published materials, obtained data on the distribution of civilization 
within the urban area, and learned something of the location and nature of 
the sub-communities in the city. In January 1932, Dr. Asael T. Hansen is 
to begin field work on the project; he will carry forward the study of 
M&rida by investigating one sub-community and will probably do the same 
for a village of peons near Merida. We plan to include in later years one 
of the mestizo towns where the simple folk culture tends to acquire some of 
the complexities of civilization. 

Dr. Hansen’s study will represent one step up from Chan Kom. One 
step down is represented by Indian villages in Quintana Roo. Villa and I 
visited the northernmost villages of this area in April 1931, and have laid 
plans to begin work in them in November or December of this year. The 
Quintana Roo Maya have customs much like those we find in Chan Kom, 
although retaining more archaic features, but the temper of the communi¬ 
ties is entirely different. Most of the people do not welcome modernization^ 
and many of the villages are definitely hostile to it. These Maya face not 
the future, but the past. Their social milieu is not one of settled towns¬ 
people much like themselves, as in Yucatan, but of traveling traders and 
migratory chicl&ros. They retain, therefore, their own intervillage organi¬ 
zation: a sort of theocratic-military federation under the dominance of 
oracular shamans and chieftains grown wealthy as chicle contractors. Here 
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the Chan Kom study should find contrast; here Villa is to begin work next 
fall. Still later, we may step down again and study a still more primitive 
community farther south or southwest in the Maya area. 

Physical Anthropology in Yucatan, by Morris Steggerda 

One branch of physical anthropology studies living man and attempts to 
apply a yardstick to as many of his characteristics as possible. For the 
external features of the human body, this yardstick is called an anthropo- 
meter; for the brain, mental tests are used as a measuring tool; and for the 
physiology of the human being, various chemical reactions serve as basis 
for measurement. Human heredity may well be considered as a branch of 
physical anthropology. In heredity, emphasis is laid on likenesses or simi¬ 
lar characteristics between offspring and their parents. These likenesses 
must be measured and tested in a similar manner to that employed by the 
physical anthropologist. Naturally race crossing offerfe a profitable field 
for the study of human heredity, since the more widely separated the parent 
stocks, the more obvious are characters recognized in the offspring. In 
Yucatan the Spaniards and the Maya Indians have interbred since the 
Conquest. If this process were still going on, it would be possible to get 
“Fi” hybrids which from the standpoint of human heredity are essential. 

By “Fi” hybrids we mean hybrids, of the first generation. After a gen¬ 
eral survey of four months in the State of Yucatan it is the opinion of the 
author that such crosses no longer occur, and the hope that such data can 
be secured in abundance will have to be abandoned. The survey, however, 

i jresented other problems of equal value. These problems are discussed 
ater. 

The purpose of the past season’s work, aside from obtaining the survey, 
called for a study of the relatively pure Maya Indians, from three angles, 
namely, physical, psychological and physiological. The work progressed 
unusually well, due to the facilities offered to us and the contacts made for 
us by the staff of the Division of Historical Research of Carnegie Institu¬ 
tion of Washington, at Chichen Itza. The author was accompanied by his 
wife, who acted as a recorder, and by a native Maya man who acted as 
interpreter. 

At present the field records are being analyzed at Cold Spring Harbor. 
In this report only the numerical field results will be mentioned, along with 
some more general observations. 

About 75 physical measurements were made upon each of 50 adult males, 
50 adult females, and 175 children. These measurements include stature, 
length of arms and legs, body segments, measurements of head and face, 
palm, finger and sole prints, examination of teeth, description of hair and 
eyes, and others. 

These measurements are being analyzed statistically and will in time be 
published. Those on the adults may well supplement the more extensive 
work, done in 1927 by Dr. G. D. Williams of Harvard, which will soon be 
published. The measurements of the children, it is hoped, will form only a 
beginning of a larger program of the study of growth of Maya Indian chil¬ 
dren. Such work is now being done for white children. From a hasty 
examination of the two hundred palm prints which were gathered, there 
appears a distinct racial difference in the thenar pattern among the Yucate- 
can Maya, when compared with the White and Black races already studied. 

Psychological tests were selected with a great deal of care, so as to elimi¬ 
nate such natural barriers as difference in language, and also speed, since 
our white children are taught from infancy that speed is a factor in life. 
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The tests were given individually and no group tests were attempted. The 
tests include: 

1. The Knox cube imitation test (Jour. Am. Med. Assoc. 1914, pp. 741- 

747). 

2. Stringing of beads (Eugenics Research Association, 1931). 

3. Hollow square (Harvard Monog. in Education Series I, No. 4,1931). 

4. Ferguson Form Board (Jour. Exp. Psy. 1920). 

5. Sequin form board (Goddard, 1912). 

6. String tests (Columbia Contribution to Education No. 136). 

7. Nonsense syllables (Eugenics Research Assoc. 1931). 

The above tests were applied to 40 adult males, 25 adult women and to 
25 children. In general it may be said that the males do better than the 
females. This is due quite likely, not to superior intelligence, but to the 
lack of forwardness on the part of Maya females who are exceedingly docile 
and reserved. The chief difficulty in giving psychological tests in the field 
is the fact that one can not control the surroundings of the individual taking 
them. There are no doors to close and, if there were, it would not be expe¬ 
dient. It was apparent from the manner in which the natives took the 
Sequin Form Board test that they are instinctively honest, and not given to 
crafty trickery. It is the opinion of the author that advancement in mental 
testing of foreign races will be slow and difficult. 

Physiological work was done in connection with the Nutrition Labora¬ 
tory of the Carnegie Institution. Basal metabolism records were made on 
30 Maya men, each man being run three periods per day for three succes¬ 
sive days. In obtaining the basal metabolism of an individual, one must 
determine among other things the amount of oxygen he consumes in a given 
time. A portable field instrument was designed to determine this. Other 
items noted were pulse rate, respiration rate, age, height, weight, tempera¬ 
ture, barometric pressure, etc. The results of this aspect of the work are a 
confirmation and an establishment of the fact that Maya men have a higher 
metabolic rate than the standard determined from White men in this 
country. They were found to be 7 per cent higher than White men. This 
is probably a significant racial difference. 

In performing the above outlined anthropological studies, care was taken 
to select individuals from relatively large families; thus the data can later 
be used in making family studies as well as merely averages for the physical 
anthropologist. Pedigrees for the families of Piste and Chan Kom are now 
made and many interesting facts will be learned. 

Naturally one questions the genetic purity of the race studied. It is the 
author’s opinion that Maya Indians can be found in Yucatan who may be 
considered from 90 to 100 per cent pure descendants of the original ancient 
Mayas. Mestizos can be found who would represent approximately 50 per 
cent Indian and 50 per cent Spanish blood. These, however, are not “Fa” 
hybrids. It is true also that there are relatively pure Whites to be found. 
There is, indeed, a large amount of anthropological work' to be done on 
these three groups. Since the peninsula of Yucatan is geographically ro-^ 
stricted, it forms an admirably compact and definite field; and since the* 
facilities offered by the Division of Historical Research are so excellent, it 
seems most desirable that further investigations may be carried on there 
by the Department of Genetics. It is also hoped that similar studies may 
ultimately be made of other subdivisions of the Maya people, as for ex¬ 
ample those found in the Highlands of Guatemala. 
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Linguistic Research in the Maya Field , by Manuel J. Andrade 

Our interest in the languages of the Maya peoples, aside from our con¬ 
cern with a number of linguistic problems involved in the study of Maya 
civilization, is but a manifestation of the desire which man has felt for 
centuries to understand the nature of language and its relations to many 
aspects of his experience, with which it seems to be so inseparably blended. 
The opinions of philosophers, logicians, psychologists and others on the 
relation between thought and language fill many a volume. Extensive 
chapters, articles and monographs on the origin of language can be counted 
by the score. But interest in psychological, social and historical problems 
involving linguistic phenomena is perhaps keener in our time than it has 
ever been. New lines of inquiry have developed, and questions which were 
considered settled have again been opened for discussion. 

The criticism which has most frequently been leveled { by writers on gen¬ 
eral questions pertaining to language is that their conclusions were based 
on too limited a number of types, chiefly on the languages of the Indo- 
European and Semitic families. Aside from the fact that these were for 
some time the only languages which had received scholarly attention, there 
seems to have been a more or less manifest attitude that the languages of 
ancient literatures and those of modem cultured Europe were better speci¬ 
mens of genuine human speech than those of backward or savage races. A 
quotation from a primitive language was regarded by some as a piece of 
eccentricity.' At present such an attitude would be as unjustifiable as that 
of a biologist who would infer general laws of life solely from a study of 
the commonly domesticated species. In his search for fundamental prin¬ 
ciples, neither the linguist nor the biologist can afford to neglect even the 
most exotic types. 

From this point of view, the Maya languages are just as worthy of our 
attention as any others, but their connection with Middle American culture, 
the highest accomplishment of aboriginal man in the New World, adds a 
particular interest to this field of research. It is to be expected that lin¬ 
guistic investigation will be helpful in the solution of various problems of 
Maya culture, as it has been in the study of other civilizations. Moreover, 
owing to several fortunate circumstances, the Maya area offers special ad¬ 
vantages to the linguist. We find eighteen or twenty languages or groups 
of dialects in a continuous area, and one, the Huastec, which for many 
centuries has been isolated from the Maya region. This isolation is advan¬ 
tageous for the study of historical processes in the development of the vari¬ 
ous dialects from one ancient mother tongue from which we may presume 
all of them have evolved. Thus upon finding, as we do find, elements which 
Huastec has in common with some dialects of the main group, we may 
safely infer that either the elements themselves or the processes which 
produced them must have existed previous to the separation. Once the 
priority of certain elements has been established, we are in an advantageous 
position to trace various processes in those languages of the main group in 
which such old elements have disappeared or have been modified. On the 
other hand, we may profit by the fact that all but one of the Maya groups 
occupy one continuous area with hardly any natural barriers. Parallel to 
this geographical continuity we find, so far as we may judge from the 
scanty material available, *a rather gradual linguistic diversification. In 
other words, between two distant and divergent languages we find a number 
of intermediate dialects whose mutual similarity is roughly proportionate 
to their geographical proximity. We are thus justified in expecting that 
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this general absence of gaps may greatly facilitate historical reconstruction, 
as well as the study of mutual influences. However, for the study of these 
influences, even more favorable circumstances are offered by the presence 
of Spanish in this area. The Spanish language displaces the native idiom 
in the principal centers of Spanish culture, modifies it in the rural districts 
in proportion to their accessibility, and exerts, as one would expect, little or 
no significant influence on some isolated peoples. It is an excellent labora¬ 
tory to observe the interaction of two totally different types of language in 
the midst of the continuous processes of cultural assimilation prevalent 
throughout this area. 

Since linguistic affiliation coupled with geographical and cultural data 
has always revealed basic facts in the history of related peoples, one of the 
main objectives in our research should be to map out the genealogical tree, 
so to speak, of the Maya family, defining various groups of dialects, if their 
similarities and differences should so suggest, or we may trace the history of 
various elements or clusters of elements, if the facts do not justify any 
systematic grouping. The present classification of the Maya dialects is not 
reliable, because it is based on observations from uncritical and scanty 
material for most of the dialects. Furthermore, what we have at present 
is simply a grouping without the proper weighing of the similarities and 
differences, with no attempt to trace significant processes. In order that a 
linguistic classification may properly serve historical interests, it is not 
sufficient merely to draw lines between languages which appear to have the 
greatest number of divergent elements. The similarities and the differences 
must be individually evaluated and accounted for so far as possible. Even 
in comparing vocabularies, for example, we all know that it is historically 
more significant to find that two different languages have a dozen words in 
common for parts of the body, than that they should have one hundred 
identical words for objects and activities which one people could have trans¬ 
mitted to the other. Similar evaluations are necessary in comparing struc¬ 
tural features, and it is on linguistic structure that our classification should 
rest primarily. It is obvious that a comparative study as outlined here 
may give us a different picture of the Maya linguistic area, and the conse¬ 
quent historical implications may throw light on the problems of Maya 
civilization, or raise new lines of inquiry. 

Work on Maya linguistics with the modern method of approach was 
begun in February of 1930, under the auspices of the Department of 
Anthropology of the University of Chicago. The Carnegie Institution 
furnished informants and other generous aid while the work was done at 
the quarters of the Chichen Itza project in Yucatan. The writer worked in 
the states of Yucatan and Campeche till the latter part of June. Sufficient 
material was collected for an intensive study of the Maya spoken in that 
region. The months of July and August were spent in Tampico and in 
Chinampa, a Huastec village in the northern part of the state of Vera Cruz. 
A future field trip will be devoted to the closely related Huastec dialect 
spoken in various villages within the state of San Luis Potosi. The two 
Huastec dialects are locally referred to as Veracruzano and Potosino, re¬ 
spectively. Abundant material should be collected on these two dialects 
due to the importance of Huastec in our comparative work, as suggested 
above. 

In January of 1931, our work was extended to the Corozal district in 
Northern British Honduras as a joint project of the Carnegie Institution 
and the Department of Anthropology of the University of Chicago. It was 
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found that the Maya spoken there does not differ from that of Yucatan. 
One advantage derived from our visit to this region was our being able to 
study the speech of people from the interior of Quintano Roo, without the 
difficulties which an investigator would be likely to meet with in that un¬ 
friendly territory. This was possible because of the continuous emigration 
of these people into the British colony. 

From the Corozal district we passed to the south of the colony, and 
worked in San Antonio, a small village in the interior of the Toledo district. 
There we found the first variant of Yucatecan Maya which requires sepa¬ 
rate consideration. All the variations met with up to that time can be 
easily disposed of as mere colloquialisms, or as due to various degrees of 
Spanish influence. The founders of San Antonio came from San Luis, 
department of Peten, Guatemala, where, according to all reports, the same 
dialect is still spoken. They may, therefore, be considered as descendants 
of the Mopans who, as the early historians tell us, were*subjects of the Itza 
ruler at Peten. 

In the month of April we worked on Lacandon, a dialect spoken in one 
portion of the state of Chiapas, Mexico, and in scattered settlements in the 
surrounding country. This Maya variant proved to have a number of 
features in common with the Mopan dialect of San Antonio. Some of these 
features are not found in present Yucatecan Maya nor in the old Maya 
dictionaries and grammars. However, on the whole, Lacandon is closer to 
Yucatecan Maya than to Mopan. 

Near the border line between Chiapas and Tabasco, the writer had an 
opportunity to study Tzeltal phonetics with two Bachajom Indians, from 
whom a vocabulary of more than 400 words and some grammatical material 
were collected. Additional Tzeltal material was obtained at the Depart¬ 
ment of Middle American Research of Tulane University, New Orleans, 
from a native of Chiapas. 

By taking advantage of opportunities which presented themselves while 
traveling, similar material, though in smaller proportions, was recorded for 
three other members of the Maya family, namely, Kekchi, Palencano and 
Chuj, the latter also in New Orleans from a native of Guatemala. 

The plan which seems advisable for future research in Maya linguistics 
is to complete an intensive study of Huastec, and then to proceed with a 
general survey of all the other dialects of the Maya family. This survey 
should include a careful study of the phonology, the collection of extensive 
vocabularies, sufficient material on grammar to obtain a general idea of the 
morphology, and some text material. This extensive study will offer sug¬ 
gestions as to the dialects on which further intensive work should be done. 
The intensive study should be applied to those languages which, from our 
general survey, may appear to be like points of departure from which a 
group of dialects may have evolved, or to those, if there be such, which may 
not naturally fit in any group. The main advantages of such a plan would 
seem to be a definite aim in each step, with a consequent economy of effort 
and, possibly, early results. 

Research in the Biology of the Maya Area conducted by the Museum of 

Zoology of University of Michigan in cooperation with Carnegie Insti¬ 
tution of Washington, by F. W. Gaige 

So little is known, relatively, about the biology of Central America that 
a considerable'amount of exploration will be necessary from the first to 
determine the species of animals and plants to be found in each biotic' 



DIVISION OF HISTORICAL RESEARCH 


129 


province and the relative abundance of the forms involved. At present the 
composition of the fauna and flora is inadequately known, while the dis¬ 
tributional ranges of species is most vague. Data of this sort are of funda¬ 
mental nature for more advanced studies in animal and plant biology; such 
knowledge is essential to any understanding of the history of the evolution 
and migrations of the faunas and floras in the area. Central America has 
served as a passageway for many North American groups of plants and 
animals to enter South America and for some South American groups to 
reach North America. Biogeographically, then, the region is a most sig¬ 
nificant and important district. The present fauna and flora are a complex 
and little understood mixture of North and South American elements. 
Explorations and biological reconnaissances over the region must be made, 
the data and specimens studied both for the area directly involved and in 
comparison with contiguous regions. The results can not fail to be of 
importance and real significance. 

Much attention and study must be given to the ecologic relationships 
of the various animal and plant species, and the major ecologic communities 
will have to be determined for each of the biotic provinces considered. A 
knowledge of the influence of types of cover, i.e., jungle, temperate forest, 
savannah, etc., the availability of water, and the many other environmental 
factors on the occurrences of the various species is highly important. The 
periodic changes in the abundance of certain species—a common phenom¬ 
enon in arctic and temperate regions—should be investigated for the tropics 
and where found given detailed study. The ecology of Central America 
is almost unknown. Certain biologists have expressed doubt as to whether 
ecologic communities comparable to those of the temperate regions can be 
found in tropical jungles, or at least distinguished as such. This is a 
fruitful field of investigation which can be profitably undertaken in a 
coordinated and continuous program with assurance of a solution. Studies 
of this sort can be adequately carried on where permanent field head¬ 
quarters allow the concentration and protection of the necessary apparatus 
throughout the year. 

Surprisingly little is known of the life histories and habits of the animals 
of the region. Even the major forms, such as the birds and mammals, 
present a great number of problems of the highest interest, while the smaller 
ones, insects, shells and various other invertebrates present almost endless 
lines of research. Some of these animals will undoubtedly be found to be 
reservoirs or carriers of tropical diseases of importance to man and animals, 
some of importance—harmful or beneficial—to agriculture. Studies in 
embryology, breeding and nesting habits, periods of incubation, methods 
of life in all phases must be made and will supply new data on forms and 
in regions previously little known and understood. In connection with 
the studies on parasites and diseases which are carried by certain animals, 
especial attention must be given to determination of the distribution, 
abundance and ecology of the species serving as secondary hosts or carriers. 

Of high scientific importance will be the determination 'of the occurrence 
and effectiveness of the adaptations in the various species of animals and 
plants to the environment under which they live. Numerous presumed 
adaptations have been described and suggested for many tropical organisms, 
but little actual information is available as to whether these and other 
characters of structure and behavior are of real advantage to the species 
in its environment. Detailed experimental work is most desirable in con¬ 
nection with problems here. 
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Another problem of high importance for study in the field is that of 
the ability of various species, including man, to become acclimated to 
tropical environments. A knowledge of the factors in the environment 
which are responsible for the difficulty which the white race encounters 
in attempting to maintain itself in the tropics would be of great use. Some 
light may well be thrown on this relationship by observation of some of 
the species of lower animals and by carefully controlled experimentation 
with them. Here again are problems which could well be attacked with 
the facilities afforded by the permanent and adequate field headquarters 
available. 

One of the important objectives of the biological work will be to deter¬ 
mine the relationships which primitive man had with the native plants 
and animals and his effect upon them. The interpretation of data collected 
will fall upon both archeologist and biologist alike and be of the highest 
use to each. From the standpoint of the animals, many' were used as food, 
many destroyed food, some may have been of religious and ceremonial 
significance. What part the occurrence of ticks, mosquitoes, red bugs, sand¬ 
flies and others may have had on a great aboriginal population needs 
detailed investigations. The numerous species of animals had become 
involved in the folklore of the Maya, and in elucidating the beliefs and 
history of this civilization and knowledge of the occurrence and habits of 
the species is important. 

The identification of the many animals used by the Maya in his sculpture 
will be greatly aided by an understanding of the present fauna. In 1910, 
Tozzer and Allen made an admirable preliminary report of phases of this 
field of investigation. The collection and preparation of skeletons of the 
birds, reptiles and mammals and their identification will be of great use in 
the determination of such fragments as are found in excavating the ruins 
and other sites. Without such check material, serious errors can be most 
easily made in interpretation of both carved figures and skeletal remains. 

From the botanical side, of special interest in connection with the 
archeological work will be the search of the plant cover of the ruins for 
economic plants which may be interpreted as vestiges of ancient culti¬ 
vation. Only long experience can show what plants really belong in this 
category. The shrubby Physalis of the ruins of Uaxactun and the Agave 
of the great temples of Tikal must be suspected as such. The aguadas, too, 
are likely to yield plants not truly indigenous but which owe their distribu¬ 
tion to human agency. One must not overlook the possibilities among the 
plants of the jungle, but here the problem is so complex that only wide 
travel and long experience in the region will enable one to judge what in 
the present distribution of plants is natural and what has followed human 
occupation of the land. Here again the ethnobotanical problems merge 
into those of phytogeography and ecology. 

One can not undertake exploration of a complicated vegetational area, 
such as that of the Maya, with any hope of solving quickly the major 
ecological problems presented by the ecological succession from artificial 
clearing to old jungle. It will be necessary first to do a great deal of purely 
descriptive work, covering the area by intensive study at as many points 
as possible and connecting these points by rapid traverses. In the long 
run the data accumulated by a thoroughgoing biological survey will throw 
light upon the former utilization of the area by man, but it would be futile 
indeed to attempt to draw any conclusions until a basis had been estab¬ 
lished by detailed analysis and mapping of the fauna and flora. There 
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is as yet no criterion for a judgment as to what is primeval forest and 
what is secondary in the sense it has followed human occupation. From 
the botanical standpoint there must be statistical analyses of the flora, 

(1) with especial reference to the relative abundance of non-economic 
plants with heavy seeds, as contrasted with those spread rapidly by wind; 

(2) of species intolerant of shade as contrasted with those shade-tolerant 
species; (3) of species that appear to be outside of their natural phyto¬ 
geographic boundaries as contrasted with undoubted natives; and (4) of 
species that might have been protected because of economic or ceremonial 
importance. Effort must be made to accumulate a Maya vocabulary of 
plant and animal names, checked against proper determination of the 
specimens. 

With this brief summary of some of the avenues of research which are 
wide open to biological investigation in the Maya area and which would 
yield results of sound scientific and economic value, it seems desirable to 
outline the work of the biologists for the past season at Uaxactun and 
adjoining regions. 

Three men participated, Dr. J. Van Tyne, Dr. A. Murie of the Museum 
of Zoology, and Professor H. H. Bartlett of Department of Botany. The 
first was responsible for the bird studies, the second for the mammals, the 
third collected plants for the University herbarium. In addition to their 
particular interests, the men took certain other material, Doctors Van Tyne 
and Murie collected reptiles and amphibians, fish, crustaceans and insects 
for the Museum of Zoology, and Professor Bartlett made a collection of 
spiders for Professor Chickering. 

Due to prolonged rains, the party spent the first part of the field season, 
January 26 to middle March, in a careful investigation of the fauna and 
flora of the “pine ridges” in British Honduras near the Guatemalan frontier, 
the trail into Uaxactun being impassable. The study of the plants and 
animals of this isolated ridge above the jungle was most profitable and 
will prove still more valuable when similar work is done on the ridges of the 
Peten. The effects of both isolation and elevation can be splendidly 
observed on the ridges, and the effects on the fauna and flora seen. 

Some work was also carried on along the upper reaches of the Belize 
River in British Honduras to furnish check material for that accumulated 
in the Peten. 

About the middle of March the trail into the Institution’s field head¬ 
quarters at Uaxactun became passable and the party moved there to estab¬ 
lish a base for work in the jungle of the Peten. Professor Bartlett left 
there about May 1 and the others about May 17. The season was highly 
successful in all ways. Some 900 specimens, skins and skeletons, of birds 
were taken, 720 mammals, skins and skeletons, many specimens of other 
animals as noted before, and 3000 collections of plants. Many hundreds 
of photographs were taken of living specimens, ecologic associations, and 
other items best recorded for final reports by photography. 

The expedition was assisted in this season’s work by a grant from 
the Carnegie Institution of Washington and by the use of the Institution’s 
facilities in British Honduras and Guatemala. 

As this report is written in June the men are just in from the field, the 
collections not unpacked and data in field form. Work will start imme¬ 
diately on reports of the season’s results, and it is expected that within 
the year they will be ready for publication. It is felt by the Museum of 
Zoology that in a cooperative enterprise such as this, results must be made 
available to cooperators as rapidly as practicable in order to be of full use. 
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Report of the YaxchUan Expedition, by Sylvanus 0. Motley 

On March 22, just after the close of the Ghichen Itzd Conference, the 
Yaxchilan Expedition left for the State of Chiapas. The staff consisted of 
Dr. Morley in charge; Mr. Ruppert, archeologist; Mr. Bolles, surveyor and 
engineer; Dr. Dwight M. Rife, physician and chainman; Mrs. Morley in 
charge of the commissary, and Mr. F. K. Rhoads, camp assistant. 

After a day at Merida for the purchase of supplies, the Expedition left 
for Campeche on March 24. Through the kindness of Don Salustino Abreu 
of Campeche, his boat, the Nueva Esperanza, a fifty-ton schooner with aux¬ 
iliary engine was in readiness and late the same afternoon the Expedition 
left Campeche for Cuidad del Carmen at the mouth of the Usumacintla 
River. 

The Nueva Esperanza stopped at Cuidad del Carmen for several hours 
to permit the making of the necessary financial arrangements for the long 
trip up-river and into the interior. Mr. Leslie Moore, manager of the 
Phoebe Hearst Estate in Campeche, kindly acted as banker, supplying a 
certificate of deposit against which checks were issued throughout the course 
of the Expedition, thus obviating the necessity of carrying large amounts 
of heavy silver into the interior. This method proved highly successful and 
is to be recommended for other scientific expeditions operating in the remote 
and inaccessible regions of the upper Usumacintla Valley. 

Early the following morning the Nueva Esperanza reached the Hacienda 
of Chabl4 on the east bank of the Usumacintla River in the State of 
Tabasco and the same afternoon arrived at Monte Cristo on the west bank, 
the starting-point for the ruins of Palenque. 

Through the kindness of Senor Lie. Don Tomas Garrido, Governor of 
Tabasco, a Ford truck was placed at the Expedition’s disposal for making 
the trip to Palenque. This truck with a reserve supply of gasoline—there 
are no filling stations in the Tabasco hinterland—left Monte Cristo at 4 h 15 m 
in the morning of March 27, and reached the modem village of Santo 
Domingo Palenque—not to be confounded with the ruins of Palenque— 
at 8 h 30 m a.m. 

From the village to the ruins, it is necessary to proceed on foot or horse¬ 
back through the forest for another 10 kilometers. The trail gradually 
climbs over ever-rising foothills until the Rio Chacamax is crossed, beyond 
which there is a final steep ascent to the bench where the ancient city of 
Palenque was built. 

After a hasty examination of this important Old Empire site, the Expedi¬ 
tion staff was obliged to return to the village of Palenque, and thence by 
truck back to Monte Cristo in order to make connections with the Nueva 
Esperanza which was leaving the same night for the village of Tenosique, 
at the head of steam navigation on the Usumacintla River and the point 
at which mule trains with supplies for the mahogany camps higher up 
the river leave for the interior. 

The Expedition reached Tenosique on the afternoon of March 28. Don 
Francisco Villanueva, who had acted on former expeditions as the Institu¬ 
tion’s resident agent at Tenosique, had secured a house in the village where 
the equipment and supplies were stored and had already arranged for mules 
to transport the staff and outfit from Tenosique to Salvamento, a half-day’s 
journey below Yaxchilan by river. 

Sunday, March 29, was spent in consultation with the chief arriero 
(muleteer), Rosendo Esparza, who had taken the Thirteenth Central Amer¬ 
ican Expedition to Piedras Negras in 1929, about the arrangement of the 
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packs. It was decided that 21 cargo animals would be required and 12 
saddle animals—6 for the staff, 2 for the camp assistants and 4 for the 
arrieroe. 

The first half of the Expedition, consisting of the staff, two camp assist¬ 
ants and two arrieros with 9 pack animals, left Tenosique on the morning of 
Monday, March 30, the second half leaving the following morning. 

The first half of the Expedition reached the ruins of Piedras Negras, now 
being excavated by the University of Pennsylvania, the next evening, March 
31. Dr. J. Alden Mason in charge of the University of Pennsylvania Expe¬ 
dition had made an excellent camp on the east bank of the Usumacintla 
River, just north of the ruins. Comfortable houses of split bamboo with 
thatched roofs had been built both for his staff and the laborers, as well as 
store-rooms, company store, photographic dark-room, corrals for the mules 
and even a vegetable garden. 

The Yaxchilan Expedition remained at Piedras Negras for two days. Dr. 
Mason, Messrs. Satterthwaite and Egan-Wyer of the University of Penn¬ 
sylvania staff showed them the excavations, the new monuments found and 
the material recovered. It was decided to stop at Piedras Negras for sev¬ 
eral days on the return from Yaxchilan early in May, nearer the end of the 
season when excavations there would be more advanced. 

The first half of the Expedition left Piedras Negras for Salvamento on 
April 3, the second half having already passed through Piedras Negras, en 
route to Salvamento, the previous day. Both sections reached Salvamento 
within an hour of each other late the following afternoon, April 4. 

Arrangements were made with Ulises Cruz, the newly appointed custodian 
of the ruins of Yaxchilan, to transport the staff and outfit in two dugout 
canoes the remaining half-day’s journey by river from Salvamento upstream 
to Yaxchilan. 

That evening camp was made on the river shore at Salvamento, ham¬ 
mocks being swung and cots being placed between poles driven into the 
sand, from which the absolutely indispensable mosquito-bars were hung. 
The next morning, Easter Sunday, April 5, the Expedition embarked in two 
dugout canoes and reached Yaxchilan, the goal of all this arduous travel, 
about two o’clock in the afternoon, just 14 days after leaving Chichen Itza. 

The ruins of Yaxchilan lie in an enormous omega-shaped bend on the 
west bank of the Usumacintla River in the State of Chiapas, Mexico. Al¬ 
most opposite the middle of this site there are the remains of a masonry 
construction in the river, now reduced to a roughly conical mass. This 
is near the east bank but except at lowest water is always separated there¬ 
from, while at high water it almost entirely disappears. The buildings 
and terraces of the city are so completely overgrown with a vast tropical 
forest that no vestige of them appears from the river, so that this conical 
mound of fallen masonry is an excellent marker for the location of the site. 

The Expedition spent twenty-nine days at the site. Camp was made on 
a bench along the river bank just below Structure 16. The underbrush was 
cleared and three tarpaulins were stretched to accommodate the hammocks 
and cots of the members of the party. Thatched shelters without sides were 
also built to protect the food supplies and general stores from sun and rain. 
Another thatched shelter, also without sides, was built for the mess. 

The scientific activities at Yaxchilan may be divided into three main 
groups: 

I. Epigraphic work consisting of drawings, photographs and descriptions 
of the hieroglyphic inscriptions by the writer. 
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II. Architectural studies, ground-plans, descriptions, etc., by Mr. Ruppert. 

III. General map of the site by Mr. Bolles and Dr. Rife. 

During exploration incident to the architectural studies and the map¬ 
ping, Messrs. Ruppert and Bolles discovered a considerable number of new 
sculptured monuments—stelae, altars, lintels, inscribed steps, etc., a new ball 
court and two new groups of associated structures. The new monumental 
material may be summarized as follows: 12 sculptured stelse, 13 sculptured 
altars, 8 sculptured lintels, 5 sculptured door steps. 

From this new material there were deciphered 11 new Initial Series and 
2 new Period Ending dates as follows: 




Initial Series 



Stela 

27 (Structure 9) 

9. 4. 

0.0 

0 

13 Ahau 

18 Yax 

41 

14 (Structure 44) 

9. 4. 

8.8.IS 

13 Men 

13 Kayab 

Lintel 48 (Structure 14) 

9. 4. 

11.8.16 

2 Cib 

19 Pax 

Altar 

4 (Structure 39) 

9.16. 

1.0. 

0 

11 Ahau' 

8 Tsec (?) 

it 

5 (Structure 39) 

9. ?. 

?.?. 

? 

? ? 

? ? 

U 

6 (Structure 39) 

9. ?. 

?.?. 

? 

? ? 

? ? 

it 

7 (Structure 23) 

9.14.15.0. 

0 

11 Ahau 

18 Zac 

it 

9 (Structure 33) 

9.16. 

0.0. 

0 

2 Ahau 

13 Tsec (?) 

u 

12 (near Stela 1) 

9. ?. 

?.?. 

? 

? ? 

? ? 

u 

13 (Structure 40) 

9. 0. 

0 0. 

0 

8 Ahau 

13 Ceh 

it 

14 (Structure 40) 

9.16. 

1.0. 

0 

11 Ahau 

8 Tsec 



Period Endings 



Lintel 52 (Structure 55) 

9.16.15.0. 

0 

7 Ahau 

18 Pop 


54 (Structure 54) 

9.16. 

5.0. 

0 

8 Ahau 

8 Zots 


Probably the most important chronological contribution of the Expedition 
was the discovery by Mr. Ruppert on May 2 of the earliest known con¬ 
temporaneous monument in the Usumacintla Valley, namely Stela 27 (see 
table above) dating from 9.4.0.0.0. 

The stylistic criteria of Stela 27 are in satisfactory agreement with this 
early date. The relief is low and the execution inferior; the proportions of 
the human figure are poor and the position stiff and awkward; finally, the 
monument itself is very small, the sculptured panel being only 1.37 meters 
high by 86 cm. wide. The earliest previously known monument found in 
the Usumacintla Valley is Stela 30 at Piedras Negras dating from 9.5.0.0.0, 
i.e., 1 katun (19.71 years) earlier. 1 

Of scarcely less importance than Stela 27, and of almost equal antiquity 
is Lintel 48, discovered by Mr. Ruppert on April 15 in Structure 12. (See 
plate accompanying this report.) The Austrian explorer Teobert Maler, 
who visited Yaxchilan on several occasions in behalf of the Peabody 
Museum of Harvard University, 2 described this building as having had 
four doorways in its southeastern facade, spanned by lintels to which he 
gave the numbers 34, 35,* 36 and 37. 4 Mr. Ruppert made a new ground- 
plan of this building and discovered that the southeastern facade originally 
had been pierced by seven doorways. Further fa$ade measurements indi¬ 
cated that Maler had failed to locate the second, third and seventh door¬ 
ways facing the building. Excavation in front of these doorways brought 

1 The date of this monument wag deciphered by the Fifth Central American Expedition 
on May 28* 1921 (Carnegie Inst. Wash. Year Book No. 20, pp. 364, 368). 

* Research** in the Central Portion of the Ueumatsintla Valley, Memoirs. Peabody 
Museum of American Arch®ology and Ethnology, Harvard University, vol. II, No. 2, 
pp. 104-197. 

•This lintel was removed to the British Museum by A. P. Maudslay in the eighties of 
the last century** (Biologia Centrali-Americana, Section on Archaology, vol. II of text, 
p. 43, by A. P. Maudslay.) 

4 Maler, op. eit., pp. 133, 134. 









SCULPTURED LINTEL (No 48) DISCOVERED AT YAXCH1LAN, CHIAPAS, MEXICO 

One of eight beautifully carved lintels found by Carnegie Institution Expedition of 1931 
The glyphs, which are in full figure, probably record the dedicatory date of the building 
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to light the three sculptured lintels which had originally spanned them, to 
which the numbers 47, 48 and 49 were given. Owing to the fact that these 
had fallen with their sculptured faces down, the relief is in a perfect state 
of preservation. 

The most important of the three lintels, indeed of all seven in this build¬ 
ing, is the new Lintel 48 which presents a very unusual full figure Initial 
Series, recording the date 9.4.11.8.16 2 Cib 19 Pax, which apparently is 
either the dedicatory date of this building, or very close thereto (see plate). 

The glyphs are in a magnificent state of preservation, much of the red 
pigment, with which the lintel originally had been painted, still adhering to 
the relief. All of the period glyphs except the one for the tun-sign are 
represented by full-figure forms, the earliest example of a full-figure Initial 
Series yet found. The baktun sign is represented by a vulture (?); the 
katun-sign by a parrot (?); the uinal-sign by a frog and the kin-sign by a 
monkey. The Supplementary Series and month-part corresponding to this 
Initial Series are recorded on Lintel 47 over the next doorway to the left 
facing the building. It was the correct decipherment of the latter which 
alone made possible the reading of this date (see table above). 

By the same method—fagade, doorway and interdoorway measurements— 
Mr. Ruppert located the position of another new doorway in Structure 13 
and excavation in the fagade debris in front of this brought to light a fourth 
sculptural lintel, No. 50, apparently without a date. 

A third monument was found at Yaxchilan during’the current season 
presenting a Katun 4 date, namely Stela 14, recording the Initial Series 
9.4.8.8.15 13 Men 13 Kayab (see table above). The latter half of the 
inscription on Stela 14 has not been found, but the stylistic evidence clearly 
indicates that this monument was erected at a much later period than 
Katun 4, probably at least two centuries later than the Initial Series date. 

A similar case is presented by the inscription on the tablet in the Temple 
of the Inscriptions at Palenque, where although the inscription begins with 
the Initial Series 9.4.0.0.0—13 Ahau 18 Yax, the contemporaneous date of 
this tablet is 9.13.0.0.0—8 Ahau 8 Uo, nearly two centries later. 

Judging from the style of Stela 14 it would seem to have been executed 
during the Great Period of the Old Empire (after 9.15.0.0.0), that is 
more than two centuries later than its Initial Series. 

It would seem from the evidence afforded by the following five earliest 
known Initial Series in the Usumacintla Valley of which the last two, how¬ 
ever, are not contemporaneous, that this western part of the Old Empire 
probably reached the point of making records on stone about 9.4.0.0.0. 

1. Yaxchilan, Stela 27, 9.4.0.0.0 

2. Yaxchilan, Lintel 48, 9.4.11.8.16 

3. Piedras Negrae, Stela 30, 9.6.0.0.0 

4. Palenque, Temple, Ins., 9.4.0.0.0 (not contemporaneous) 

5. Yaxchilan, Stela 14, 9.4.8.8.15 (not contemporaneous) 

Yaxchilan, Piedras Negras and Palenque are the three largest cities of 
the Usumacintla Valley, and it hardly appears to be the result of accident 
that the earliest contemporaneous dates of the first two are 9.4.0.0.0 and 
9.5.0.0.0 respectively and that the long text in the Temple of the Inscrip¬ 
tions at Palenque, which presents a series of 10 consecutive katuns ending 
with 9.13.0.0.0, begins with the same date as the earliest contemporaneous 
date at Yaxchilan, t.c., 9.4.0.0.0. 

Possibly the early Initial Series 9.4.8.8.15, on the much later Stela 14 
at Yaxchilan, may be a later memorialization of an earlier date, important 
in the early history of the city. The new evidence secured during the cur- 
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rent field season not only corroborates the previously known evidence from 
Piedras Negras and Palenque touching on the point, but also tends to indi¬ 
cate that the cities of the Usumacintla Valley reached the point of com¬ 
mitting their records to stone about 9.4.0.0.0. 

The most important date at Yaxchilan, Dr. Morley was able to show as a 
result of his first visit to this site in 1914, was 9.16.1.0.0, reoorded twice 
on Stela 11, each time as an Initial Series and as a Period Ending on Stela 
12 and Lintel 1. This season the same date was found as an Initial Series 
on two different altars—Nos. 4 and 14, making six occurrences of this date 
in all. 

Mr. Bolles discovered a new building, Structure 55, at the new Southeast 
Group, the north facade of which was pierced by three doorways. Exca¬ 
vating in the debris just in front of these doorways, three magnificently 
sculptured lintels were found—Nos. 51,52 and 53. The one over the middle 
and probably the most important doorway records the< date 9.16.15.0.0 
7 Abau 18 Pop, doubtless the dedicatory date of this building. 

Several days before leaving, Mr. Bolles discovered another building just 
east of Structure 55, namely Structure 54, which also seems to have had 
three doorways in its north fa§ade. The entire front of this building had 
collapsed and the position of the two end doorways was not apparent on the 
surface of the mound. The middle doorway, however, was located, and 
excavation in the debris in front of this brought to light the eighth sculp¬ 
tured lintel found by the Yaxchilan Expedition—Lintel 54. The date 
recorded on Lintel 54 is 9.16.5.0.0—8 Ahau 8 Zotz, which probably indi¬ 
cates the dedicatory date of this building. 

Unfortunately time was lacking to locate the two remaining lintels which 
had originally spanned the two end doorways of this building, but these are 
almost certainly sculptured like those over the end doorways in the nearby 
Structure 55, and a few days’ excavation would doubtless bring them both 
to light. 

It is becoming possible, because of these recent discoveries, to begin to 
piece together the chronological record at Yaxchilan. For example, the four 
hotuns of Katun 17 were commemorated by the dedication of the following 
period markers: 

9.16. 5.0.0 by the dedication of Structure 54 (Lintel 54) 

9.16.10.0.0 by the dedication of Stela 1 

9.16.15.0.0 by the dedication of Structure 55 (Lintel 52) 

9.17. 0.0.0 by the dedication of Structure 10 (Lintel 31) 

Doubtless further excavation will disclose other structures and monu¬ 
ments which will fill in still existing lacuna in the sequence of the period 
markers at this site. 

Possibly the three most important architectural discoveries made by Mr. 
Ruppert were: 

1. The five sculptured circular stones in the floor of the old ball court 
(Structure 14), probably used as markers for placing the ball in play, or 
defining the limits of play. 

2. The five sculptured steps in situ before the three doorways of Structure 
44. 

3. The nine small stucco figures seated on a low bench in the southeastern 
chamber of Structure 40. 

Excavating in the floor of the new ball court, Mr. Ruppert found three 
sculptured, circular stones along the middle longitudinal axis of the court, 
one at each end and the other at the center of the court. Two other similar 
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sculptured, circular stones were found one on each of the two platforms 
along the sides of the court, also in line with the central stone. As noted 
above, these may have been used as base stones for putting the ball in play, 
and the two end ones possibly as defining the limits of play. At Chichen 
Itza lines of cut stone let in the floors of the courts at both the open ends 
seem to have served the same purpose. 

Acting on this hint, Dr. Mason excavated in the two ball courts at Piedras 
Negras and found five plain (i.e., not sculptured), dressed, circular stones 
in the same positions in the southern one (Structure X-XI). 

It seems probable that the three sculptured, circular stones found in one 
line between two mounds at Lubaantun (Structure A-B) by Merwin of the 
Peabody Museum Expedition of 1915, 1 and the one found between two 
mounds at Cancuen (Structure B-I—B-II) by the First Central American 
Expedition also in 1915,* were in each case found in ball courts. 

In 1900 Maler found in front of Structure 44 a large sculptured slab, 
neither stela nor lintel, inscribed with glyphs both on its top and front face, 
which he calls a Sacrificial Altar. 

In excavating the three doorways of this same building, Mr. Ruppert 
found in the southeastern doorway two similar slabs in situ, so located as to 
indicate that they had been steps leading to the doorway. He found two 
similar slabs in the northwestern doorway, also serving as steps, but in the 
middle doorway only the lower slab or step is in situ. 

It became apparent that Maler’s so-called Sacrificial Altar found by him 
in 1900 was in reality the missing, upper step of the middle doorway, which 
must have been removed in ancient times from this position to the front 
edge of the terrace on which Structure 44 stands, since the other five 
inscribed steps were all found deeply buried under masses of fallen fagade 
debris. 

The single Initial Series recorded on these six steps—9.12.8.14.112 Imix 
4 Pop—is found on the upper step in the middle doorway, that is on the 
slab which had been removed in ancient tifnes to the edge of the terrace in 
front of Structure 44. There are at least 9 Calendar Round dates, however, 
with accompanying Secondary Series numbers recorded on the other five 
steps. It is hoped further study will establish the connection of all of these 
with the Initial Series. 

In the southeastern chamber of Structure 40, Mr. Ruppert found the 
remains of 9 small, anthropomorphic figures, made of stucco, seated in a 
row on a low bench not more than a foot high running across the back wall. 
The upper parts of all had been destroyed, but in clearing the floor of debris 
he came upon the remains of 9 pairs of feet and legs in situ on the floor, 
built against the face of this low bench. When complete, even allowing for 
elaborate feather head-dresses, these seated figures could not have been 
more than 1.5 feet high. 

The number of these seated stucco, anthropomorphic figures forcibly 
recalls the Nine Gods—the Bolontiku—frequently mentioned in the Books 
of Chilan Balam, the names of which though unknown, are Almost certainly 
represented by the nine different forms of Glyph G of the Supplementary 
Series.* According to Mr. Ralph Roys they are associated with the under* 
world. 

1 These three stones are now in the Peabody Museum, Harvard University, Cambridge, 
Mam. 

1 Carnegie Inst. Wash. Year Book No. 15, p. 345. 

# Maya Chronology: Glyph G of the Lunar Series, by J. E. 8 . Thompson, Amer. Anth., 
vol. 31, No. 2, pp. 223-231, April-June, 1929. 
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During his cruising through the forest in connection with the survey of 
the site, as already mentioned, Mr. Bolles found two new and hitherto 
unreported groups: (1) The Southeastern Group and (2) The Northwestern 
Group. The former would seem to have been of considerable importance. 

Four of the eight new sculptured lintels—Nos. 51, 52, 53 and 54—found 
during the current season, and four of the twelve new stela—Nos. 24, 25 
and 26—and the unsculptured and also unnumbered new stela southwest 
of the long chain of low mounds along the river bank, just east of the main 
group, were found here, and further exploration would certainly bring to 
light other sculptured monuments, especially sculptured lintels. 

No sculptures, or even partially standing buildings, were found at the 
Northwest Group, which was nicknamed “Poverty Hill” because of its 
apparent lack of interesting features, as compared with the Southeast Group. 

The topography at Yaxchilan powerfully coerced architectural assem¬ 
blage and development. Along the curving river bank, but well above the 
highest water-level, a practically continuous line of buildings was erected, 
most of which seem to have faced away from the river, i.e., looking toward 
a series of courts and plazas made on the first bench-level above the river. 
On the far side of these courts, built on terraces at the bases of sharply 
rising hills, there is a second line of buildings curving around the bases, 
roughly paralleling the river. 

The slopes of these hills have been literally made over into an elaborate 
system of terraces, which rises from the courts on the first bench-level to the 
hilltops. The summits themselves have been leveled and each supports a 
number of buildings: The Northwest Group, the West Acropolis, the Cen¬ 
tral Acropolis and the South Acropolis. The last is reached by a series of 
receding stairways, all in the same axis, several hundred feet in height. 

When Yaxchilan was occupied, the forest cleared, the succeeding ranges 
of white stucco buildings rising one behind the other, the terraced hills sur¬ 
mounted by other groups of buildings, the whole crowned by the distant and 
lofty South Acropolis, the effect must have been magnificent, making this 
site, because of its superb natural setting, perhaps the most spectacular in 
the Maya area. 

The Expedition left Yaxchilan on May 5, returning by river as far as 
Piedras Negras, where a second stop of three days was made at the Uni¬ 
versity of Pennsylvania camp. During the Expedition’s five-weeks absence 
up river, remarkable progress had been made. The new road from Piedras 
Negras to the Pass of San Jose, 50 kilometers, was finished; the monuments 
selected for removal to Guatemala and the Museum of the University of 
Pennsylvania at Philadelphia were being boxed and the excavations had 
yielded material of first importance. Indeed, Lintel 3 found in Structure 27 
may, without exaggeration, be said to be the finest example of ancient 
American sculpture yet brought to light. This lintel will be exhibited at 
the Museum of the University of Pennsylvania this coming year. 

The Expedition left Piedras Negras on May 8 and arrived at Tenosique 
before night, thanks to the new road, the dry season and the cooperation 
of Don Francisco Villanueva of Tenosique, who had a motor launch waiting 
at the Pass of San Jose. On May 10 Ciudad del Carmen was reached. 

The next afternoon the motor canoa Angelita (Little Angel) was leaving 
for Campeche. Never was there greater misnomer. In addition to chickens 
and dogs, which roamed the single open deck at will, two Ford cars lashed 
crosswise of the boat occupied most of the available deck space; the 
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staff pillowed on the running board of one of these Fords. Campeche was 
reached the following afternoon (May 11), everybody very much the 
worse for wear. 

The Expedition left Campeche for Merida the following day, reaching 
there the same night (May 12). A day's stop was made in Merida in order 
that the photographic negatives might immediately be developed, owing to 
the danger of rapid deterioration from the excessive heat at the close of the 
dry season. 

The next morning the staff left for Chichen Itza, arriving there at noon 
after an absence of two days less than eight weeks. 

Archeological Research in Southwestern United States. The San Juan 

Basin, by E. H. Morris 

From June 30,1930, to July 1, 1931, study was continued of the aborig¬ 
inal American cultures which flourished in the La Plata district of north¬ 
western New Mexico and southwestern Colorado. The San Juan area 
is recognized as the parent center within which Pueblo civilization arose 
from an antecedent substratum. There it developed in purest form through 
gradual stages to its point of highest development before the abandonment 
of the region, which took place in the neighborhood of 1300 a.d. The 
La Plata district is a typical subdivision of the San Juan area, and the 
great number of ruins of diverse age which it contains, represent', in so far 
as the material arts are concerned, the full cycle of culture history above 
indicated. The recovery of such a life history spanning at least 1500 years 
of time, within a restricted locality, will give a far more detailed and 
sequent understanding of the growth and development of Pueblo peoples 
than has been obtained from the pieced-together results of exploration con¬ 
ducted over a wide scope of territory. 

Since 1913, the writer has worked periodically in the La Plata district, 
principally for the University of Colorado Museum. Until 1930, excava¬ 
tions were centered mostly upon the earlier type of ruins, in which the 
district is especially prolific, and from them in the course of the years 
was obtained a great quantity of specimens and correlative data. The 
winter of 1929 was devoted to the beginning of a monograph setting forth 
the results of the investigation. Certain gaps toward the latter end of the 
chronologic sequence were found to exist, and an effort was made during 
three and a half months of field work in the summer of 1930 to secure 
the information which would close them. This field work was on a more 
extensive scale than that of previous years, owing to the fact that although 
the University of Colorado contributed its usual appropriation, the major 
portion of the expense was borne by the Division of Historical Research 
of Carnegie Institution. Excavations were confined to a large cluster of 
ruins situated about three miles south of the Colorado boundary. Between 
July 4 and October 22, sixteen buildings were cleared wholly or in part, 
and much trenching was done in refuse deposits in search of definite 
stratigraphy, and of relatively ancient dwellings buried in rubbish by 
later occupants of the site. 

The ensuing eight months have been spent in a study of the materials 
exhumed, and incorporating the data secured in the monograph previously 
mentioned. It is expected that the volume will be ready for the printer 
early in 1932. 
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Southwestern culture history is separated into eight periods here men¬ 
tioned in stratigraphic order: 

8. Pueblo V—1540-1931. Historic or Modem period. 

7. Pueblo IV—1300 aj>.± to 1540. Decadence, redistribution and renais¬ 
sance. 

6. Pueblo III—Concentration of peoples and specialization; the Golden 
Age. 

5. Pueblo II—Spread of peoples and diversification in the arts. 

4. Pueblo I—Dominance of new physical type and general progression. 

3. Basket Maker III—Beginnings of pottery making and architecture. 

2. Basket Maker II—The earliest from which remains have survived. 

1. Basket Maker I—Hypothetical. 

The earliest southwestemers thus far positively identified were a long- 
skulled group in a stage of transition from a nomadic 10 a sedentary exis¬ 
tence pressed on them by the cultivation of maize, upon which they were 
forced to depend for subsistence. At this time they were possessed of a 
simple but highly specialized material culture, characterized by excep¬ 
tionally fine basketry and textiles, but without architecture and ceramics. 
As time went on they learned to fashion habitations from materials which 
could resist decay, and became cognizant of the possibilities of plastic 
clay, which led them to the beginnings of pottery making. Remains from 
the earliest period, since they are practically without exception of perish¬ 
able nature, are to be recovered only in cave shelters. These are scarce 
in the La Plata district, hence for practical purposes the history of that 
locality begins at a time when house building and pottery making had 
become well established, or in other words, early in Basket Maker TIT; 
however, thence onward to the close of Pueblo III, occupation was con¬ 
tinuous and little influenced by contact with other peoples, or with other 
localized developments of the same culture. Once the story is picked up 
it can be traced in full detail from primitive beginnings through gradual 
development, involving first general diversification, then concentration and 
specialization, to a culmination in Pueblo III, characterized by successful 
communal government, based upon an intricate and highly developed social 
organization; excellent and substantial architecture of residential rather 
than of temple type, and great perfection in the minor arts, notably 
ceramics and textiles. 

The entire record is one of unbroken sequence. There were no military 
invasions or other cataclysms to wipe out that which was existent and to 
supplant upon it a culture distinct in character and different in origin. The 
process was wholly one of response, through a long period of time, of a 
human group to an environment of rigid and exacting character. Few 
indeed are the localities wherein it would be possible to recover so long a 
record concerning a people so ancient in the cultural sense. Therefore, 
while the story of the early Americans who dwelt in the La Plata district 
will be of first importance in completing the history of the Pueblo peoples 
of the Southwest, it will not be devoid of interest to students of general 
culture. 

After Pueblo III, or the Golden Age of the Southwest, by the end of 
which the San Juan area had been abandoned, Pueblo culture survived in 
several localities, some of which have been subjected to detailed study. 
The work of Dr. Kidder at Pecos, New Mexico, covers in minute detail 
the life of one of the most outstanding Pueblo groups from Pueblo HI 
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to its extinction in 1837. Thus, by bridging together the results of such 
studies as those in the La Plata covering the older phases and those which 
have been made by Dr. Kidder and others upon the more modem aspects, 
the history of the highest civilization which developed on the American 
Continent north of Mexico can be traced in great detail. 

The substratum from which it arose, that is, the Basket Maker culture, 
has been well delineated as a result of investigations in other areas where 
caves gave shelter to its perishable remains. However, there is an interval 
involving late Basket Maker II and early Basket Marker III, when the 
remains still were of perishable nature, that as yet has not been adequately 
reported upon. A great wealth of material from this interval has been 
exhumed, but there is difficulty in fixing the exact relative age of much of 
it because of the fact that in caves which continued to be inhabited at 
later times, such as those in Canyon del Muerto, where the writer has 
worked extensively, there was so much churning of the contents that details 
of stratigraphic position in many cases can not satisfactorily be recovered. 

The summer of 1931 will be devoted to what should be a successful 
attempt to remedy this condition. In 1930 there was found in north* 
eastern Arizona a cave which was occupied up to the first appearance of 
pottery in Basket Maker III, but not thereafter. It will be thoroughly 
excavated and the materials recovered subjected to minute analysis, the 
result of which will make possible the relative dating of the early materials 
already available for study from mixed sites. 

A portion of the 1931 field season will be devoted to securing timber 
specimens to further the research of Dr. A. E. Douglass. Dr. Douglass, 
by tree ring dating, has, upon the basis of wood used in house construc¬ 
tion, providing a positive chronology for southwestern ruins extending back 
to 740 a.d. The writer has provided him with beams from the La Plata 
district which give a consecutive count of several centuries somewhere 
beyond the lower limit of Dr. Douglass’ determined series. An effort will 
be made to secure the wood sections necessary to bridge the gap between 
the two series, which, if it is successful, will extend positive dating in 
Pueblo history back at least to the early centuries of the Christian Era. 
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SECTION OF UNITED STATES HISTORY 

The first steps in historical research are not dissimilar to those of 
archeology. The historian digs in archive and library rather than in 
ruined cities. But, like the archeologist, his task is to recover significant 
information from vast accumulations of irrelevant matter. Like the 
archeologist, the historian must collect his data, classify them, and make 
them available to other students through publication. No valid history 
can be written until these indispensable preliminaries have been accom¬ 
plished, for without an ordered and accessible corpus of accurate informa¬ 
tion, historical science can not pass on to its ultimate goal, which is the 
interpretation of man's career in terms of the fundamental laws of human 
evolution. 

From their organization under Dr. Jameson in 1905, the historical activi¬ 
ties of Carnegie Institution have been prosecuted with the steady aim of 
helping to lay firm foundations for the study of American history. Source 
materials have been unearthed in the United States and Europe; they 
have been sorted, digested, their whereabouts and content made known 
by guides and calendars; and a great number of documents of outstanding 
importance have been printed, annotated and explained in the critical light 
of modem scholarship. This work continues. During the year reported 
upon the Section has published three volumes: volume I of Miss Donnan’s 
Documents Illustrative of the History of the Slave Trade to America, 
Seventeenth Century; volume III of Dr. Stock’s Proceedings and Debates 
of British Parliaments, 1702-1727; and volume V of the Correspondence 
of Andrew Jackson, 1833-1838. The work of putting through the press two 
other volumes is at this time so far advanced that their publication will 
follow within a short time. These are Dr. Burnett’s fifth volume of 
Letters of Members of the Continental Congress, 1780 to February 28, 
1781, and Miss Donnan’s second volume, covering the Eighteenth Century. 
There have been numerous difficulties and delays in bringing out the first 
volume of Dr. Leland’s- Guide to Materials for American History in the 
Libraries and Archives of Paris, but it is expected that it will be ready for 
distribution in the early fall. Some progress has also been made on the 
index to the Calendar of Documents relating to the History of the Missis¬ 
sippi Valley, which is being prepared by Dr. David M. Matteson; but it 
was necessary to divert Dr. Matteson from this task in order that he 
might make the indexes for Dr. Leland’s and Dr. Burnett’s volumes. The 
customary annual list of doctoral dissertations in history has been brought 
out. At various times the Section has been pleased to aid historical workers 
by granting them the use of such materials as have been brought together 
in connection with its several projects. 

To the staff of the Section of United States History have been attached 
Mr. France V. Scholes and Mr. Ralph Roys. Mr. Scholes, formerly head 
of the Department of History of the University of New Mexico, is under¬ 
taking a study of,the documentary sources for the history of Yucatan; 
Mr. Roys is enjgaged in translation and collation of the Maya Books of 
Chilam Balam. Statements regarding the work by Mr. Scholes and 
Mr. Roys, follow those of Doctors Leland, Burnett, Stock and Paullin. 
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At the beginning of 1931 Mies Larry W. Worrall, stenographer and general 
clerk, became a member of the permanent staff of the Division. 

Throughout the year the Section has, as usual, been greatly aided by 
courtesies extended by the various officials of the Library of Congress. 
Dr. Jameson, whose advice has frequently been sought in connection with 
the various undertakings instituted by him, has been most helpful in 
many ways. 

Dr. Leland has devoted some of his time to his Guide to Materials for 
American History in French Libraries and Archives. The first volume, 
which has been in page proof for some time, has now—thanks to Dr. David 
M. Matteson and Miss Cornelia M. Pierce—been provided with an index 
and is proceeding on its way through the press. The volume is devoted 
to a description of manuscript materials in the libraries of Paris. The 
preparation of the manuscript of the second volume, which will contain the 
description of the archives of the ministries of the Marine and of the 
Colonies, is well advanced. 

Dr. Leland has been, as last year, on technical leave of absence, but has 
been able to devote part of his time to the interests of the Division, chiefly 
in an advisory capacity. He has done some work on the French Guide and 
has assisted scholars and students who desired information respecting 
French sources of American history. He has also served as chairman of 
the Institution’s Committee on Lectures. As delegate of the Institution 
he attended, in June 1931, the celebration of the four-hundredth anni¬ 
versary of the College de France, and in July of the same year the third 
quinquennial Anglo-American Conference of Historians, held in London. 
In his administrative capacity as Permanent Secretary of the American 
Council of Learned Societies, he has administered the grants under which 
the Institution’s Associates, Dr. E. A. Lowe and Dr. William A. Heidel, 
are conducting investigations in their respective fields for the Institution 
and the Council. He has again served as Vice-President of the Inter¬ 
national Union of Academies, and as Treasurer of the International Com¬ 
mittee of Historical Sciences, and has been appointed a member of the 
United States National Committee for Intellectual Cooperation as well as 
of the advisory Committee on Education of the National Park Service. 
In April he was elected to membership in the American Philosophical 
Society. 

Dr. Burnett has been occupied throughout the year in the completion 
of editorial work on volume V of his series and in seeing it through the 
press. The work of editing his material for volume VI has- also been 
carried forward. During the present year as in the preceding, Dr. Burnett 
has prepared for the Dictionary of American Biography biographical 
sketches of several members of the Continental Congress, and has con¬ 
tinued, in respect of the subjects in his special field, to serve the Die* 
tionary in an advisory capacity. He has also continued the prepara¬ 
tion of American notes for the American Historical Review. In March he 
delivered in the assembly room of the Institution a lecture on “The Con¬ 
tinental Congress and the Achievement of National Unity.” Later the 
same paper was read before another group in Washington. 
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Dr. Stock has been engaged in the work of assembling and annotating 
the text for volume IV of his series, which has now been carried forward 
for Great Britain through 1735, and for Ireland through 1736. No definite 
statement can, however, be made at this time concerning the chronological 
limits of this volume. Reference has been made in earlier reports to the 
record of debates in the “unreported Parliament” of 1768 to 1774 kept 
by Henry Cavendish, M. P., and preserved among the Egerton Manu¬ 
scripts in the British Museum. Copies of the appropriate passages of 
this report, much of which iB in a difficult shorthand, were obtained several 
years ago, but the work of deciphering and transcribing the material was 
not advanced much beyond the effort made to reconstruct a key to the 
symbols and characters used. The Section and the editor are greatly 
indebted to Mrs. Charles Eliot, who has volunteered to study these notes 
and to attempt further transliteration. As a result of Mrs. Eliot’s industry 
and ingenuity it is expected that a considerable amount of additional mate¬ 
rial will be made available regarding the transaction of American affairs 
in this Parliament. During the year Dr. Stock has continued to serve as 
chairman of the Committee of Publications of the American Historical 
Association; he was also appointed a member of the Association’s Com¬ 
mittee on Documentary Historical Publications of the United States Gov¬ 
ernment; he continued his editorial work for the Historical Outlook and 
the Catholic Historical Review, and was reappointed a member of the 
executive council of the American Catholic Historical Association; he 
represented the Institution at the exercises held at the Pennsylvania State 
College in commemoration of its seventy-fifth anniversary; he lectured 
before the students of Saint Joseph’s College, Emmitsburg, Maryland, at 
Cliff Haven, New York, and before the Women’s Club of Detroit; he has 
acted as American adviser in the selection of historical books for Rhodes 
House Library at Oxford. 

Dr. Paullin has assisted the Institution and the American Geographical 
Society with the publication of the Atlas of the Historical Geography of 
the United States, which was originally compiled by Dr. Paullin under the 
direction of the Department of Historical Research. The plates for this 
work are now being made by Hoen and Company of Baltimore, and 
details of proof-reading and checking of references have been attended 
to by Dr. Paullin. The new materials now available in the census of 
1930 have made it possible to bring the Atlas up to date by including maps 
for that year, and in these and other additions Dr. Paullin has cooperated 
with the American Geographical Society. He has also prepared a memo¬ 
randum respecting the filming of one or more pictures of an educational 
character, based upon the maps of the Atlas. 

The work on the preparation for publication of volume IV, the final 
volume of the series of European Treaties bearing on the History of the 
United States, has been continued by Dr. Paullin, aided by Dr. James A. 
Robertson and Mr. C. K. Jones, who have assisted in the translations, 
and by Miss Florence Spofford, an expert in the copying of old manuscripts. 
Volume III of this work is practically ready for publication. 

Dr. Paullin bas made the preliminary investigations for a study of 
“Eminent Americans, 1607 to 1936,” based upon the twenty volumes of 
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the Dictionary of American Biography, now being published. The litera¬ 
ture of biographical statistics has been examined, some of the specialists 
in the field consulted, and a tentative outline of the study prepared. Dr. 
Charles B. Davenport, director of the Department of Genetics, has mani¬ 
fested a warm interest in the study and has made several fertile sugges¬ 
tions; his offer to collaborate with the Division has been gratefully accepted. 
Dr. Paullin has continued his advisory services to the Dictionary of Amer¬ 
ican Biography and has contributed to it a number of sketches of naval 
officers. He has served as a member of the Advisory Committee on George 
Washington Maps and Atlas, and also as treasurer and trustee of the Naval 
History Society. 

Mrs. Catterall’s work on Judicial Cases concerning American Slavery 
and the Negro has been devoted principally to the Louisiana cases. Owing 
to the wealth of material relating to negroes under the French and Spanish 
regimes, published for a number of years in the Louisiana Historical 
Quarterly, she found it possible to give a more complete and more vivid 
picture of slavery in colonial days in Louisiana than in any other American 
colony. 

The position of the free person of color was decidedly superior in 
Louisiana to what it was in the other states or colonies. The liberal 
provision of the Code Noir of Louisiana, promulgated in 1724, which 
declared “les esclaves affranchis n’avoir besoin de nos lettres de naturalit6 
pour jouir des avantages de nos sujets naturels . . . encore qu’ils soient 
nes dans les pays etrangers,” may account for the surprising lack of dis¬ 
crimination against them, both as witnesses and as parties to suits which 
involved the rights of white persons. Moreover, the Spanish governors of 
provinces were forbidden by an express law of the Partidas to marry, “and 
as there were ... in the colony but few women of the white race, . . . 

the inevitable consequence was . . . connections with women of color. 
This custom, coming as it did from the ruling class, soon spread throughout 
the colony, and was persevered in long after there ceased to be any excuse 
for its continuance.” 1 Such concubines and their descendants, free or 
freed as they appear generally to have been, formed a class of free colored 
persons, in many cases of superior ability and education. Macarty’s con¬ 
cubine who lived with him from 1796 till his death in 1845 in a state which 
“was the nearest approach to marriage which the law recognized” 2 amassed 
a fortune of more than $155,000 from a dry-goods business in New Orleans, 
with branches elsewhere. “Two of the sons are in business in this city, 
and one is living on his income. The daughters are married, and estab¬ 
lished in Cuba.” Therefore it is not surprising that the “legation and 
jurisprudence [of Louisiana] upon . . . [the] subject [of free colored 
persons differed] . . . materially from those of the slave States generally,” 
and that her courts were “in the daily habit of permitting them to testify 
in prosecutions where the defendants are white persons.”* Judge Bu¬ 
chanan thus sums up the situation, in 1856 :* 

* Badillo v. Tio, 6 La. An. 120 (1S2). 

•Macarty v. Mandeville, 3 id. 230 (240). 

* State v. Levy and Dreyfous, 3 id. 64. 

4 State v. Harrison, 11 id. 722 (724). 
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“in the eye of the Louisiana law, there is, (with the exception of political 
rights, of certain social privileges, and of the obligations of jury and militia 
service,) all the difference between a free man of color and a slave, that 
there is between a white man and a slave. The free man of color is capable 
of contracting. He can acquire by inheritance and transmit property by 
will. He is a competent witness in all civil suits. If he commits an offence 
against the laws, he is to be tried with the same formalities, and by the 
same tribunal, as the white man.” 

Down to 1846 setting foot on French soil was held sufficient to free a 
slave, or residence in a free state with the consent of the master; but in 
that year an act was passed which provided that thereafter “no slave shall 
be entitled to . . . freedom, under the pretence that he or she has been, 
with or without the consent of his . . . master, in a country where slavery 
does not exist, or in any of the States where slavery is prohibited.” The 
lack of such a statute in Missouri made the Dred Scott controversy possible. 

The famous Creole case received a masterly treatment in 1845 in McCargo 
v. Insurance Company. 1 

It has seemed to the Chairman that statements made by the permanent 
staff of the Section of United States History respecting the general nature 
and scope of their projects would at this time be of interest and value in 
showing not only the intrinsic worth of the several series but also in linking 
these undertakings with the larger problems of research in the solution of 
which they may be expected to contribute materially. These statements 
follow. 

Guides to Sources of American History in Foreign Depositories, 

by Waldo G. Leland 

When the Division (then Bureau) of Historical Research was created 
in 1903, a comprehensive study of the needs of investigators in the field 
of American history indicated that one of the most urgent of those needs, 
conditioning almost all new constructive research in the period prior to 
the independence of the United States, was a systematic survey of and 
report on the materials for American history that are to be found in the 
governmental archives and other repositories of foreign countries, especially 
of the colonizing and maritime countries—Spain, France, Great Britain 
and the Netherlands. Important material was also to be found in the 
archives of the Vatican and, having particular reference to the immigra¬ 
tion movements of the Nineteenth Century, in the archives of Germany 
and Austria and of the Scandinavian countries. The neighboring countries 
of Mexico, Cuba and Canada might also be expected to possess archives 
and other collections of prime importance. 

Missions of exploration were accordingly organized by the Division, 
which, over a period of twenty-five years, and under the direction some¬ 
times of specialists secured for the purpose, sometimes of members of the 
staff, carried on a comprehensive and systematic survey of archival and 
other unpublished material, the published results of which, in some nine¬ 
teen volumes, have provided ail students of American history with a series 
of glides that have constituted an indispensable tool of research. Of this 
series there remain unpublished only the volumes dealing with France, 
the first of whieh is in press, and with the Scandinavian countries and the 

1 10 Rob. La. 202-354. 
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Netherlands. These guides have made known a vast amount of material 
which had long remained unused; they have stimulated research in almost 
countless ways by suggesting new lines of investigation and fundamental 
problems waiting to be studied; the material they describe bears in a vital 
way upon the exploration of the new world by the European powers, its 
conquest and settlement, and upon the first contacts of European and 
aboriginal American civilizations; it includes the accounts of that aboriginal 
civilization as observed by Spaniards, Frenchmen and Englishmen; it even 
includes documents of aboriginal America, taken by the conquerors or 
transcribed by them. For later periods, the material described in these 
guides reveals the economic, social and political progress of the European 
colonies in America, and records the gradual movement toward the achieve¬ 
ment of independence; it bears upon the early commercial history of the 
United States, its political relations with European and with other American 
countries; and it contains the history of that great migratory movement 
which, after 1840, transformed the character of the population of the 
United States. 

Letters of Members of the Continental Congress, by E. C. Burnett 

The publication of volume V of the Letters of Members of the Conti¬ 
nental Congress, which brings this series of letters to the end of February 
1781, marks a turning point in the history of the Congress; for on March 
1 of that year the Articles of Confederation were made effective by the 
long-delayed accession of Maryland. Hitherto the union, though implicit 
in many of the acts of the several states and explicit through recognition 
of the Congress as the central legislative and executive guardian of the 
common interests, had rested nevertheless mainly and somewhat vaguely 
on general consent. Now, with the acceptance of the Articles by all the 
states, in place of the loose, indefinite and uncertain bonds, had been sub¬ 
stituted a written constitution which gave to the union at least a degree 
of definiteness. Historians have sometimes marked the change by speaking 
of the Congress of the earlier period as the Continental Congress, of the 
latter as the Congress of the Confederation. In so far as the practical 
workings of the Congress were concerned there was no great alteration, 
but from a legalistic point of view the inauguration of a written constitu¬ 
tion marked a distinct change. What was, however, of still greater impor¬ 
tance, the consummation fulfilled the wishes of thoughtful men throughout 
the country and thus was a source of gratification that can not be over¬ 
estimated. 

It seems appropriate therefore, at this stage of the publication of the 
letters, to cast our eyes back to the inception of this project and briefly to 
survey its progress through the years. In the annual report of the Director 
of the Department of Historical Research, Professor A. C. McLaughlin, 
in 1905, it is stated: “During the past year considerable attention has been 

S ven to discovering and copying official letters from the delegates in the 
ontinental Congress and the Congress of the Confederation. Much as 
has been written on the Revolution and the early history of the United 
States, many of the most important records have not been accessible to 
the investigator. ... It is highly desirable that there should also be 
published the letters sent by the delegates to their home governments. The 
work of looking through the papere in the State archives to discover these 
letters is of course arduous and time consuming. ... It is certain that 
such materials must be hunted out and published some time, . . . though 
the job is long and not an easy one." 
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When this editor took charge of the undertaking in 1007 only preliminary 
investigations had been made into the sources whence the letters of mem¬ 
bers were to be drawn. The first considerable task, then, was to seek 
them out in printed works, in so far as they had been printed, and to this 
end many hundreds of volumes were searched. Of course the letters 
themselves, when found, must be examined for their content. It next 
became necessary to search for them in repositories of manuscripts where 
it was known or presumed that they were to be found. Beginning in 
Washington, with the Library of Congress and other governmental reposi¬ 
tories, the investigation extended to the archives of all of the original 
thirteen states, to the libraries of historical societies, to other libraries, 
public and private, which had come into possession of historical manu¬ 
scripts, and finally to numerous collections in private hands. 

This phase of the undertaking largely occupied the editor during several 
years; and the character of the task was as varied in other respects as it 
was in its geographical meanderings. In some instances letters of the 
kind sought were found segregated from other manuscripts; in a few 
instances, calendars had been prepared. In such cases the task was greatly 
simplified; but they were the exception rather than the rule. In the 
majority of cases the examination required plodding through large bodies 
of manuscripts page by page and leaf by leaf. There were even instances 
of ransacking cupboards, boxes and bundles where the dust of three gene¬ 
rations, so it seemed, had accumulated and remained undisturbed. Searches 
such as these were tedious, but they had their rewards. Even when not 
many letters of members were resurrected from one of these documentary 
tombs, to be enabled to place in the hands of an eager custodian some 
other historical treasure—that also had its compensations. 

Although the plan as at first projected appears to have had in view the 
collection of only official letters written by members to their home govern¬ 
ments, it became evident at the outset that a distinction between official 
and unofficial letters was difficult, often impossible to draw, and it became 
even mpre evident that under such a limitation the series would fall far 
short of performing for the history of the Revolution the service so greatly 
needed and desired. Private letters, it was discovered, were more numerous 
than were official letters and, as a rule, far more informing. It is probable 
also that no one in the beginning had more than a vague conception of the 
quantum of such letters, whether official or private, which subsequent 
investigations have shown actually to exist. By the same token, clearly 
as it was realized that these letters, when gathered together, would make 
exceedingly important contributions to our knowledge of the Revolution, 
yet few perhaps foresaw the full measure of those contributions. The 
wealth of information which these letters afford, information respecting 
the proceedings of Congress, revelations of the motive forces behind those 
proceedings, of regional views, of state and personal predilections and 
prejudices, in short, of the whole intricate play of political, social and 
economic forces which were the warp and woof of the Revolution—these 
contributions of themselves are extensive. But there is a further contribu¬ 
tion, one that can not be measured by the same yardstick; for the mere 
assembling of the letters has often brought unlooked-for cumulative results. 
Letters standing apart and alone may appear to have a minor significance, 
but brought together, where their separate rays are concentrated upon a 
given episode or event, and the illumination produced is oftentimes as 
great as it is unexpected. 
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The purpose of this collection of letters, as briefly explained in the 
preface to the first volume, is “to supplement the journal [of Congress], 
to expand the meagre record, so far as possible, by bringing together into 
one place whatever information touching the proceedings of Congress may 
have come down from those who took part in them.” How great is the 
need of such enlargement of knowledge will readily be understood by 
any one who takes even a cursory glance at the journal of Congress. This 
journal is for the most part only the crisp record of things done—and it 
often falls short of even that restricted aim. Resolutions and orders are 
there set down by the thousands, with little or no indication of their origins, 
of the causes which propelled them, of the conflict of purposes, of the 
proposals which failed, of the arguments on the one side and on the other. 
And this journal, be it remembered, is the essential record of this nation's 
infancy. Would we know more of the birth-throes of our country? Do 
we wish to have a clearer comprehension of its early struggles to live, the 
distresses and dangers through which it passed; the obstacles over which 
it eventually triumphed? Then we must consort intimately with the men 
who played their parts in the great drama known as the American Revolu¬ 
tion. We must, as best we may, take our places beside them, see eye- 
to-eye with them the unfolding of events. We must know their thoughts 
and feelings, perceive their hopes, their fears, their grim determinations, 
learn of their failures as well as of their successes. And by what other 
means can this warm contact with the men of that time be achieved than 
through the medium of such of their utterances as have been preserved 
for us on the written page? Their words come to us fresh from the scenes 
of action—even hot, it may be, from the furnace of political strife. They 
may be laden with wisdom, or they may be weighted down with passion 
and personal prejudice, but they enable us to see the Revolutionary con¬ 
test as human in all its aspects. 

No historian, however diligent, would be likely to gather into his his-, 
torical laboratory more than a minor fraction of these letters, and it is 
needless to say that except in such a compilation few people other than 
historians would ever read more than an occasional one of them or even 
know of their existence. Nor could the historian, however brilliant in 
interpretation, impart to his readers that sense of reality, that warmth 
of contact with events, which is to be derived from reading the utterances 
of men who were themselves of the blood-stream of those events. 

It may not be amiss to mention that one gentleman, an editor of a 
journal of intellectual appeal, not himself an historian, though deeply inter¬ 
ested in the early history of the United States, remarked with regard to 
the first volume of these letters that he had read it from beginning to end 
and that it was the most interesting book he had ever read. This expression 
may be referred to with all becoming modesty, inasmuch as the allusion 
was to the letters themselves, not to any part which the editor had per¬ 
formed other than bringing the letters together. 

With regard to the process of editing these volumes, it may be remarked 
that, just as the main purpose in gathering the letters together has been to 
make them available to all who may be interested in the period of pur 
national beginnings, so it has been the purpose of the editor, by means 
of explanatory notes, to make the letters and their several parts, so far as 
seemed practicable, readily comprehensible in all their relations. Without 
such explanations the reader would often be left floundering in the dark. 

At the time when publication of the series was begun, a careful estimate 
of the materials that had been gathered indicated that it would require 
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six volumes to contain them. That additional letters would from time to 
time come to light was fairly certain, but it was not then supposed that 
the accretions would bulk by any means so large as has proved to be 
the case. These new acquisitions have been derived from several sources, 
notably from previously unavailable private collections and the personal 
papers of prominent characters of the Revolution. In the last-mentioned 
class, for example, are the papers of General Nathanael Greene and those 
of Sir Henry Clinton which were recently acquired by Mr. William L. 
Clements. It has come about, therefore, that each of the volumes after 
the first has fallen short of the period at which it was originally planned 
to end, with the result that the sixth volume, which is now in an advanced 
state of preparation, instead of completing the series to the close of the 
Confederation, will bring it down only to the end of 1782. An estimate 
just made of the materials now in hand for the period from 1783 to 1789 
shows that they will require two additional volumes of < approximately the 
usual size. As a matter of course, a good many of the newly acquired 
letters are of the period already covered in the volumes published, and 
these, it is thought, may appropriately be included by way of supplement 
in the last volume of the series. 

A few remarks respecting those letters which remain to be published 
seem pertinent. It is a fairly well-recognized fact, as stated by the Direc¬ 
tor of the Department in 1923, that “the period from the opening of Con¬ 
gress to July 4,1776, has always received an exceptional amount of atten¬ 
tion, while the doings of the Congress in later periods—and subsequent 
volumes will show this increasingly—have thus far been much less thor¬ 
oughly made known, and call for much fuller illumination from letters of 
members.” It is particularly true that the period following the conclu¬ 
sion of the peace has received from historians the least adequate treatment 
of any period in the life of the Congress, and largely for the reason that 
the materials of that period have been less extensively available. And yet, 
in the view of this editor, it is one of the most significant periods in our 
national history. It was just this period in which the fate of the nation 
was determined. It has seemed to many people—and this is perhaps the 
prevailing opinion—that the question of our national existence was settled 
by the winning of the war and the acknowledgment of our independence. 
It is too often overlooked that though independence had been obtained it 
had not necessarily been secured. Relieved from the pressure of the war, 
the states ceased to feel the compelling necessity for union, and the thoughts 
of men everywhere in America became chiefly centered upon the individual 
state. It was the independence of their own particular unit which most 
concerned them, not the independence of the whole. Neglect of the union 
grew into indifference, and even hostility toward it began to loom over 
the horizon. To such alarming proportions did this attitude develop that 
it seems incontrovertible that, but for a relatively email group of men of 
broader vision, the union would have been dissolved, and the union once 
dissolved, there is Bmall doubt that independence would have succumbed 
to the grasp of one or more of the European powers. 

Furthermore, this period of the Congress is significant for its contributions 
in many ways to that more perfect union which succeeded it. The Con¬ 
gress of the period is often pointed at as a body which had so declined in 
ability, influence and power, had so fallen from its former high estate, that 
it had become duly the mockery of a government. Much of this is true; 
but it is far from being the whole truth. In these very years of its so-called 
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decline, Congress was constructing important legislative and administrative 
measures, formulating fundamental principles of government, providing, in 
fact, much of the material which presently was to be woven into the fabric 
of the Constitution which we now look upon as the foundation of our na¬ 
tional life and structure. 

For these reasons in particular, the later years of the Continental Con¬ 
gress are deserving of an attention which they have not received, and for 
a comprehension not only of the urge toward a more perfect union but of 
the foundations of our government the letters of those years are especially 
illuminating. 

Proceedings and Debates of the British Parliaments Respecting North 
America (1542-1788), by Leo F. Stock 

With the printing of the Acts of the Privy Council, the Journal of the 
Board of Trade, and the royal proclamations relating to the colonies, it has 
been possible to obtain some understanding of the executive side of the old 
British colonial system. Our knowledge of the legislative side has been 
less complete. True, editions of the British statutes at large are not rare, 
and the specific enactments concerning America are more or less familiar. 
But the parliamentary preliminaries to this legislation, the proceedings 
relating to less familiar acts which contained saving clauses or carried 
penalties involving transportation to America, the votes passed, and the 
debates to which we may look for explanations of the actions taken—all 
essential for a judicious appraisal of British attitude toward the colonies 
and of the part played by Parliament in the supervision of colonial affairs 
—could be known only after a search through printed and unprinted 
materials of the most various character. Hence a collection of all accessible 
reports of proceedings and debates in the parliaments of England, Scotland 
and Ireland, respecting American affairs previous to the peace of 1783, 
was rightly conceived by the Institution as an undertaking of great con¬ 
venience and utility. 

It is obvious that a proper and comprehensive study of the constitutional, 
political and social development of the United States must begin with 
an investigation of its colonial period. It is equally obvious that this 
understanding would be incomplete if based solely on a consideration of 
the relations of the mother country with the original thirteen colonies, 
which in time established their independence, disregarding other colonies 
of the empire, several of which were held more important in the scheme 
of commercial exploitation than those on the mainland. The rational mode 
of study, therefore, is one that envisages the British Empire as a whole; 
a more limited interest would import a distinction which did not exist. 

This series, therefore, embraces materials relating directly or by impli¬ 
cation from the context to aU British America, including Canada, Bermuda, 
the Bahamas and the West Indies. Within its scope, properly come not 
only records of the legislative progress of acts explicitly directed to 
America, but also whatever may be found in the form of enactments, 
petitions, accounts, reports, etc., respecting the commercial or productive 
side of colonial enterprise—tobacco, sugar, rice, furs, whale products, and 
the like. Slavery, the transportation of “criminals,” defense, communi¬ 
cation, piracy, the administration of justice, coinage, and the results to 
America of England’s wars with France and Spain are among other matters 
of interest or application to the colonies that came before Parliament. 
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The “proceedings” of Parliament are naturally to be found in the offi¬ 
cially published Journals. Relatively few American libraries, however, 
possess all these. Nor is it easy to trace through the enormous mass of 
heterogeneous material which those unwieldy folio volumes contain the 
scattered items relating to America. The result has been that few students 
of colonial history are familiar with the actual proceedings of Parliament 
as recorded in this primary source. Reviewing volume 111 (American 
Historical Review, July 1931), Professor Charles M. Andrews, of Yale 
University, says: 

“It is difficult to speak temperately of its indispensability as a work of 
reference, a tool of trade. Within the compass of something over five 
hundred pages are to be found the essential contents, as far as colonial 
history is concerned, of at least a dozen heavy unwieldy folio volumes of 
Lords and Commons Journals —never at hand in one’s study—supplemented 
by entries from the Scotch and Irish parliamentary Records and many 
extracts from private parliamentary collections and other sources, all of 
which are carefully enumerated in the preface.” 

As for debates, supplementary papers, accounts, reports, etc., there is 
no official publication in which these may be found. The belief, sometimes 
current, that the essential debates are to be found in Cobbett’s Parlia¬ 
mentary History is not in accord with the facts. A considerable part of 
what has passed for history in that compilation is unreliable and incom¬ 
plete. It is only by comparing earlier accounts, erroneously supposed to 
have been incorporated in Cobbett, and by searching state papers, political 
pamphlets, news-letters of the time, biographies, diaries, documentary col¬ 
lections of varied character and additional material existing only in manu¬ 
script in the libraries and depositories at home and abroad, that complete¬ 
ness of text and accuracy of statement may be approximated. 

The general purpose lying behind the marshaling and explanation of 
these materials is to illuminate, and to enable historians to perceive and 
understand, in all its aspects and details, the nature of the dependence of 
colonial America upon the British Parliament. The whole problem of the 
American Revolution, incessantly debated from its own time to ours, turns 
upon the nature, and the extent or limits, of that dependence. The claims 
made at the time respecting it, by the contending parties, are well known, 
but the true grounds of a quarrel so momentous as that which split the 
Anglo-Saxon race into two nations and brought into existence the most 
powerful of modern states can not be left in the realm of partizan asser¬ 
tion. The schism developed gradually, through a long historic process. 
The full understanding of that process requires that every stage and move 
and detail of it should be laid before the historical reader, not in phrases 
and interpretations colored by remembrance of subsequent disputes, but 
in the ipsissima verba of their occurrence and time. The proceedings and 
debates of Parliament respecting America constitute only one part of the 
evidence upon the actual relations between colonial America and the 
mother country, but it is an essential and most important part. 

This, however, is not all. Important as are the origins of the American 
Commonwealth, not less important in history are those of the British Com¬ 
monwealth of Nations, and no one can understand the growth of the latter, 
or of what may be called Great Britain’s second empire, built up by her in 
the Nineteenth .Century upon the ruins left her in 1783 by American Inde¬ 
pendence, if he has not the means of following closely her management of 
her first colonial empire. Therefore the publication of this series has 
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noticeably served the interests of students of British history, in both coun¬ 
tries, as well as of the students of American constitutional origins. 

Study of the Lives of Eminent Americans, 1607-1936, by Charles 0. Paullin 

The population of the United States has been classified according to 
intellectual ability into nine classes, as follows: genius or near-genius, 
very superior, superior, high average, low average, dull, borderline, moron, 
imbecile and idiot. Any or all of these classes might be studied profitably 
had we the necessary information, but unfortunately there are few subjects 
about which there is so much ignorance as the life history of individuals. 
The biographies of most men are found, in the words of Sir Thomas Browne, 
“In the register of God, not in the record of man.” A few persons, how¬ 
ever, more illustrious, more notorious, or more useful than their fellows, 
do attain the distinction of having accounts of their lives written with con¬ 
siderable detail and accuracy. Each country compiles collections of such 
accounts respecting its own eminent persons and publishes them as dic¬ 
tionaries or encylopedias of biography. Many such collections, of a more 
or less commercial character, have been published in the United States, 
but not until recently has one been planned there, and now partly pub¬ 
lished, that bears the marks of scholarship. 

The Dictionary of American Biography traces its origin to the appoint¬ 
ment of a committee in 1922 by the American Council of Learned Societies 
to consider the preparation of an authoritative and comprehensive dic¬ 
tionary of national biography. Impressed by the need for such a work, 
the committee formulated plans that entailed considerable expense. When 
these were laid before Adolph S. Ochs, controlling owner and publisher of 
the New York Times, he agreed on behalf of his company to advance more 
than half a million dollars to defray the cost of producing the manuscript. 
Of this work six volumes have now been published. When completed it 
will consist of twenty volumes, containing accounts of some fifteen-thou¬ 
sand persons. Many scholars are collaborating in the production of these 
volumes (296 in volume I, 291 in volume II, etc.). As the articles in the 
Dictionary are authoritative and accurately written, they form appropriate 
material for investigation. They are, therefore, now being made a subject 
of scientific study, the results of which it is expected will be published 
under the title Eminent Americans, 1607-1936. 

The fifteen-thousand persons who are sketched constitute a well-defined 
class. They are drawn exclusively from the higher categories named in 
the classification of the population given above, and may be described in 
the words of the first editor of the Dictionary as “those who have made 
some significant contribution to American life in its manifold aspects.” As 
members of the most richly endowed classes their investigation possesses 
unusual interest and promises fruitful results. 

The method employed in this investigation has been developed in the 
last seventy-five years. The first statistical study of biography, published 
in 1869, was Hereditary Genius: an Inquiry into Its Laws and Conse¬ 
quences, by Sir Francis Galton, who was inspired by Darwin’s Origin of 
Species. In America, Galton’s method has been elaborated by Cattell, 
Terman, Davenport and other scholars. Of American historians, Dr. 
Frederick J. Turner has manifested most interest in this field of research. 
In 1904, Havelock Ellis issued A Study of British Genius (2d ed., 1926), 
based upon the Dictionary of National Biography. Frenchmen, Germans 
and others have subjected the distinguished men of their respective coun¬ 
tries to statistical treatment. 
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The pertinent facts obtained from the Dictionary will be classified under 
various headings, assembled in tables, analysed in a text and illustrated 
by maps. Especial emphasis will be placed upon the geographical distribu¬ 
tion of eminent Americans—politicians, poets, scientists, scholars, inventors, 
etc.—by regions, states, places of birth and residence, and periods of time. 
Some of the bases of classification may be noted, to which are added a few 
typical questions that readily suggest themselves for solution. 

Sex—Information relating to eminent women respecting marriage, 
divorce, number of children, eminence of husband, etc., is of especial 
importance. 

Place of origin —This involves nationality and race, somewhat vague 
terms. Tne natives and foreign-born, negroes, rural-bom and urban-bom 
can readily be determined. The foreign-bom will be classified according 
to country of origin, and the natives also when the origin of their near 
ancestors can be ascertained. Answers to some special questions will be 
sought. What countries have made the largest contribution to American 
talent? Is it true, as has been asserted, that in proportion to numbers the 
Germans have made the smallest contribution, and the Huguenots the 
largest? 

Heredity and parentage —The inter-relation of the characters in the 
Dictionary will be ascertained and it is hoped that some light will be shed 
upon that perennial puzzle of the relative weight to be ascribed to heredity 
and environment in the determination of ability. Many questions may be 
asked here. Do eminent men come from large families? What is the 
order of the eminent man in his family? What is the age of the parents 
at the birth of a child who achieves eminence? Is it true that eminent 
parents, in proportion to their numbers, produce more distinguished people 
than mediocre parents? Is it true, as has been asserted, that nine times 
as many distinguished people are produced by mediocre parents as by 
eminent ones? Does every country churchyard contain “some village 
Hampden . . . some mute, inglorious Milton”? 

Education —Special attention will be paid to the education of the 
eminent in order to determine its influence upon their careers. One would 
like to know the respective numbers of the “self-made,” the public-Bchool 
trained, and the college bred. Does Harvard educate a disproportionate 
share of the scholars; and Yale, of the politicians? 

Occupation —What are the chances of the farmer boy? Does the occu¬ 
pation of the preacher favor or hinder his offspring? What about Redfield’s 
statement that the children of only long and hard-worked parents become 
great? How much truth is there in this dictum of Robert Louis Stevenson, 
“There are men and classes of men that stand above the common herd; 
the soldier, the sailor, and the shepherd not infrequently, the artist rarely, 
rarelier still the clergyman, the physician almost as a rule?” 

Physical and moral characteristics —Are the eminent tall like Lincoln, 
or short like Napoleon? Do political reformers tend to be fair; and actors, 
dark? Havelock Ellis found this to be true in England. 

There are a good many general and fundamental questions one would 
like to ask the Dictionary. Is society stratified democratically or aristo¬ 
cratically? Is man monomorphic or polymorphic? What has been the 
effect of democratization upon the production of eminent men? Is history 
(including biography) “really but a branch of biology”? Are the events 
of history, in the words of a past president of the American Historical 
Association, “determined by force which acts according to fixed laws”? 
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Research in the History of Yucatan, by France V. Scholes 

Historical studies, as a part of the general Yucatan project, have not 
advanced beyond the preliminary stage. A statement of the general 
problem and a brief outline of some of its special phases must, therefore, 
take the place of a report of actual research. 

The history of Yucatan from the period of the Spanish Conquest to 
the present time has a definite importance not only in relation to other 
phases of the Yucatan project, but also for the general field of Latin 
American history. The significant problems of the history of those Latin 
American countries where the Indian has survived in any considerable 
numbers are essentially social problems. Latin America may be regarded 
as a laboratory in which vast experiments cultural and sociological in 
character have been carried out. Aboriginal civilizations, varying in 
achievement, flourished over a period of many centuries in several parts 
of the Latin American area. In the Sixteenth Century these civilizations 
were submitted to a rude shock with the conquest of America by European 
races, but neither the Indian nor his culture was wholly destroyed. The 
Indian survived, and today Indian blood, pure or mixed with European 
or negro blood, is the predominant strain in the population of many Latin- 
American countries. Elements of aboriginal culture also survived, either 
in the form of imposing ruins, which are witnesses of former achievement, 
or in living culture elements such as language and old folkways. To these 
living Indian elements have been added many characteristics of Hispanic 
culture. The four centuries since the Conquest have been characterized, 
then, by a long process of culture fusion, conflict and amalgamation, result¬ 
ing in the evolution of a Hispano-Indian civilization, varying in type 
depending upon geographic conditions, the virility of the old Indian culture, 
and the policies and prowess of the conquering race. The survival of the 
Indian and of phases of his culture, fused with and modified by European 
elements, is the basis of many of the major modem Latin-American prob¬ 
lems of political and social significance, such as the distribution of wealth, 
land tenure, general economic progress, education and public health. In 
recent years, moreover, the art and literature of Latin America, especially 
of Mexico, have been vitally affected by the same influences. The study 
of Latin-American history is, therefore, essentially a study of the fusion 
and conflict of cultures. A sympathetic understanding of these processes 
of social and cultural evolution is essential in any just estimate of con¬ 
temporary Latin-American politics. 

The history of Yucatan from the time of Conquest to the present offers 
an important opportunity for study and research in these processes of his¬ 
torical social evolution in Latin America. The aboriginal civilization of 
Yucatan was virile and highly developed in its several aspects, architecture, 
religious ceremonial and priestly learning. The modem population of 
Yucatan is still largely Indian, and, although present-day conditions of 
culture vary from an urban, partially industrialized center, such as Merida, 
to the outlying, inland villages of the bush, there is a large content of 
Indian influence and old native folkways present everywhere. The archeol¬ 
ogist studies the aboriginal civilization as it existed in the centuries pre¬ 
ceding the Spanish Conquest. The ethnologist describes modem village 
and city life and folkways. Studies in Yucatecan history, beginning with 
the establishment of Spanish domination and reaching down to recent 
times should tie together and give unity to the researches of the archeologist 
and the ethnologist, as well as serve as a notable chapter in the general 
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comprehensive story of the evolution of a Hispano-Indian civilisation in 
Latin America. 

Such is the general thesis which will determine the character of historical 
research as a part of the Yucatan project. A brief outline of some of the 
more important special problems to be studied as aspects of the general 
process of social change in Yucatan follows: 

1. The character of the military conquest of Yucatan by the Spanish 
monarchy in the Sixteenth Century. 

2. A description and estimate of the Spanish civilization introduced into 

Yucatan subsequent to the Conquest, with reference especially to (a) the 
general scheme of government introduced in the Indies and the social and 
political principles to which it gave expression; (6) the character of local 
provincial administration and justice in Yucatan; (c) ecclesiastical organi¬ 
zation; (d) relations of church and state; and (e) the counter-influence of 
Indian customs in Spanish life. < 

3. The legal, economic and social position of the Indian under the new 
regime: (a) Spanish Indian policy and its practical application in Yucatan, 
with special reference to the encomienda and the exploitation of Indian 
labor; (6) changes wrought in the distribution and amount of Indian popu¬ 
lation; (c) land tenure and village organization under the new conditions; 
(d) the policy of Spain with regard to race fusion and actual conditions 
of fusion in Yucatan. 

4. The influence of the Church on aboriginal life: (a) organization of 
the missions; (6) methods employed in converting the Indian; (c) influence 
of the Church in destroying the old aboriginal ceremonial; (d) the Church 
as protector or exploiter of the Indian; (e) general estimate of the perma¬ 
nent character of the conversion of the Indian; (/) evidences of the fusion 
of Christian and pagan rites. 

5. Economic life and material culture in post-conquest Yucatan, with 
especial reference to the introduction of new foodstuffs, tools, clothing 
and to changes wrought in agriculture. 

6. The intellectual life of the Hispano-Indian community: (a) schools 
and general intellectual activity; (b) problems of language and the study 
of native linguistics; (c) the role of the civil government and the Church 
in preserving or destroying aboriginal antiquities. 

7. Social classes in Yucatan. 

8. Yucatan's place in the general scheme of Spanish enterprise in 
America; (a) Yucatan in relation to Mexico, Central America and the 
Caribbean; (6) problems of defense; (c) colonial commerce. 

9. Indian uprisings and the general problem of the maintenance of 
Spanish supremacy. 

10. Yucatan during the Mexican wars of independence, and its politico- 
social evolution in the first generation after independence. 

11. The War of the Castes in the mid-Nineteenth Century. 

12. The development of a sentiment of Yucatecan separatism, or quasi¬ 
nationalism. 

13. The politico-social evolution of Yucatan in recent times, especially 
since 1910. 

The sources to be utilized in the prosecution of this rather ambitious 
program of research exist in part in the printed histories, documents and 
reports that have made their appearance from the Sixteenth Century to 
the present; and, in part, in extensive manuscript collections in the United 
States, Mexico, Central America, Spain and other countries. For the 
present a preliminary survey is being made of the collections, manuscript 



DIVISION OF HISTORICAL RESEARCH 


157 


and printed, in the libraries of the United States. Research in the archives 
of Spain and Mexico will be started in the year 1932. 

Books of Chilam Balarn and Their Translation, by Ralph L. Roys 

Yucatan is perhaps the only region in Spanish America where an authentic 
aboriginal literature flourished throughout the entire colonial period. It is 
true that during the earlier years of this period we find elsewhere in Mexico 
and Central America the beginnings of such a literature, but only among 
the Maya Indians of Yucatan did it continue for centuries to play a real 
part in the lives of the people. For the ethnologist, the philologist and the 
historian the importance of such a record can scarcely be overrated. 

A large part of this literature consists of the so-called Books of Chilam 
Balam, which are distinguished from one another by adding the name of 
the town where the book was written. Chilam, or chilan, designates a 
spokesman of the gods, and in this case Balam is probably the family name 
of one of the old Maya prophets. This Chilam Balam lived at Mani during 
the second generation before the Spanish Conquest and foretold the coming 
of bearded strangers from the east who would establish a new religion. 
What he doubtless had in mind was the long predicted return of Quetzalcoatl 
with his Toltec priests, but some rumors of the arrival of the white men in 
the West Indies probably gave to his prophecy a definite character lacking 
in the prognostications of his predecessors. At any rate the Spaniards 
arrived in Yucatan at about the appointed time, and thereafter Chilam 
Balam never ceased to rank as the greatest of the Maya prophets. Inas¬ 
much as prophecies predominated in many of the older manuscripts, it was 
natural to name these books after the famous soothsayer. 

Besides the prophecies, the Books of Chilam Balam also contain brief 
chronicles, fragmentary historical narratives, creation stories, catechisms 
for aspirants to chieftainship and native almanacs. As time went on 
intrusive European material was added. Sometimes this took the form 
of the ritual of a hybrid religion in which Christianity was strangely 
blended with the old native cult, but more often it consisted of translations 
into Maya of Spanish religious teachings and astrological treatises taken 
from the European almanacs of the time. We even find the translation 
of part of one of the Spanish romances and a European agricultural treatise 
wholly unsuited to the climate and products of Yucatan. Medical prescrip¬ 
tions also occur in some of these books. 

There can be little doubt that many of the passages which are purely 
Maya in character were originally taken from hieroglyphic manuscripts. 
We know positively that in the years 1685 and 1689 Don Juan Xiu of 
Oxcutzcab and Diego Chi of Mani transcribed in “letters” certain parts 
of an old book written in “characters.” None of the Books of Chilam 
Balam which have come down to us today are older than the last part of 
the Seventeenth Century, and most of them date from the Eighteenth 
Century. Nevertheless the writer is convinced that many passages were 
copied verbatim from Sixteenth and early Seventeenth Century originals. 

During the Eighteenth Century probably most of the towns of Yucatan 
had their own Books of Chilam Balam, but the texts of only eight of these 
are known to us at the present time. We have photographic reproductions 
of those of Chumayel, Tizimin, Kaua, Ixil, Tekax and Nah, and copious 
extracts from the Mani and Oxcutzcab manuscripts. The latter are in the 
Berendt Linguistic Collection of the Museum of the University of Penn¬ 
sylvania. Possibly seven more such books are known to us by reputation. 



168 


CARNEGIE INSTITUTION OF WASHINGTON 


The bibliography of this literature is fully treated in Professor A. M. 
Tower's A Maya Grammar. 

The most valuable of the manuscripts mentioned above are those of the 
Chumayel, Mani and Tizimin. Second only in importance to these are 
the series of chronicles of the Spanish Conquest written by various members 
of the Pech family and the so-called Crdnica de Calkini. These last, 
however, can hardly be classed as Books of Chilam Balam. 

The chronicles found in the Chumayel, Mani and Tizimin books have 
been translated and published by D. G. Brinton and Juan Martinez, but 
the numerous untranslated prophecies found in those same books contain 
a wealth of historical allusion which may reasonably be expected to go 
far toward filling the gaps with which the rather meager chronicles abound. 

• These books are, needless to say, very difficult to read. Many words 
are misspelled, the syllables are wrongly joined in words ( and the capitaliza¬ 
tion and punctuation are rarely of any value. Sometimes the text is 
illegible along the edges of a damaged page. Also a number of words are 
neither current in modem Maya nor to be found in the older dictionaries. 
We have, however, the Berendt copies of some of the books which were 
made at a time when the manuscripts were in a better condition than at 
present. 

The writer is at present engaged in editing and translating the text of 
the Chumayel and has adopted the following methods for overcoming 
these difficulties. Before beginning the actual translation, the text is 
rewritten with the aid of the Berendt copy and corrected by comparing it 
with parallel passages or similar phrases found elsewhere in the related 
material. This also frequently reveals the significance of a word of doubt¬ 
ful meaning. Deviations from the actual text and the sources of the cor¬ 
rections are recorded in footnotes after the manner of the Oxford editions 
of the classical texts. Also the text is consistently spelled, punctuated 
and divided into words, sentences and paragraphs. Finally recognition is 
given to names of places, personages and gods. All this is only possible 
by means of the constant use of photographic reproductions of the large 
body of related material, little of which has ever been published. 

Once the above procedure has been followed, some of the apparent diffi¬ 
culties disappear, but the translation still remains difficult enough. This is 
partly due to the indefinite style of writing followed by some of the Maya 
writers, and partly because the Eighteenth Century native compiler was 
sometimes more than a little uncertain as to the precise meaning of the 
text he was copying. 

As no dictionary of Maya antiquities is available for the reader, the 
translation must be accompanied by documented footnotes identifying 
proper names and explaining references to old Maya customs and cere¬ 
monies whenever possible. The sources of such explanations are the early 
Spanish accounts, the works of modern ethnologists, the Maya manuscripts 
themselves and the archeological evidence. Maya names of fauna and flora 
should also be scientifically identified when possible. 

Doubts have been expressed in the past as to the possibility of trans¬ 
lating these manuscripts. In view of the deficiency of material at the time, 
such doubts were not unreasonable, but during recent years so much related 
material has been made accessible to the student that the writer is con¬ 
vinced that the task is now practicable. 



DIVISION OF HISTORICAL RESEARCH 


180 


SECTION OF HISTORY OF SCIENCE AND 
ALLIED INVESTIGATIONS 

History of Science, by Dr. George Sarton 1 

Dr. Pogo was absent, traveling in Europe, from the end of July to the 
end of October, 1930; he visited various libraries in Italy and Germany. 
Miss Welbora began her work on October 1, 1930. Dr. John Pelseneer of 
Brussels and Miss G. Doris Heilman of New York worked throughout the 
year as voluntary apprentices. 

Dr. Sarton plans to sail from Quebec on July 17, 1931, and after a vaca¬ 
tion in Europe, to proceed to the Near East and arrive in Beirut about 
October 1. His headquarters in the Near East throughout the academic 
year 1931-32 will be the American University of Beirut, whose generous 
cooperation is much appreciated. 

The purpose of this relatively long stay in Syria is to obtain a better 
knowledge of Arabic and incidentally of Hebrew, and some familiarity with 
the spiritual conditions obtaining in the Near East today. This is becoming 
urgent because these conditions are now changing at a terriffic pace, the 
main causes of change being the cheap motor cars and the movies. It has 
been shown in volume I of the Introduction to the History of Science, that 
for a period of four centuries (from the Eighth to the Eleventh Century), 
Arabic was the main language of science and the main vehicle of progress. 
Even as today any oriental wishing to obtain the best information on any 
subject and to remain abreast of the times must begin by mastering one of 
the main western languages, in those centuries the shortest road to knowl¬ 
edge was the study of Arabic. In the Twelfth Century that situation was 
gradually altered, and by the end of it, Jews, Christians and Muslims were 
already competing for intellectual supremacy. In order to qualify for that 
competition, Jews and Christians were obliged first of all to translate into 
Hebrew and into Latin the treasures of knowledge preserved in the Arabic 
writings. It is typical that it was only by slow degrees that they realized 
the need of translations made directly from the Greek. So great was the 
prestige of Arabic writings in the Twelfth and Thirteenth Centuries that 
western scholars spent most of their energy in translating these writings, 
though the majority were themselves translations from Greek originals 
which were still available, or might have become available if there had been 
sufficient need of them. Since that time many Greek originals have been 
lost, for example, many were wantonly destroyed when the Crusaders 
sacked Constantinople in 1204. Historians have generally considered the 
fall of Constantinople under Turkish onslaught in 1453 as one of the 
greatest landmarks in the world history; indeed that date has often been 
taken as the conventional upper limit of the Middle Ages and the begin¬ 
ning of the Renaissance. In fact the first fall of the city in 1204 was even 
more important: this was like a final blow to the old Greek culture; it com¬ 
pleted the severance between the Greek and Latin worlds. 

Happily by that time a great many Greek and Arabic works had become 
available to the West through Latin and Hebrew translations—most of 
them made from the Arabic. Volume 2 of the Introduction is largely de¬ 
voted to the comparative study of the Latin and Hebrew traditions of 
Greco-Arabic science. From the Thirteenth Century on, the Arabic world 
lost its spiritual hegemony but remained very important, and some of the 

1 Thirteenth annual report, for period extending from July 1, 1930, to June 30, 1931 
(previous reports in Year Books Nos. 13-29; the twelfth also in Isis, 15, 170-171). 
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le adin g scientific treatises of the Thirteenth and Fourteenth Centuries were 
still written in Arabic. 

It is for these reasons that the evolution of mediseval thought can hardly 
be understood without reference to the Arabic sources, and that the study 
of the Arabic language and of the Muslim civilization is of such funda¬ 
mental importance. During his stay in the East, Dr. Sarton will read, 
speak, and write as much Arabic as possible under the guidance of Syrian 
instructors. During the past five years he has studied Arabic almost 
entirely alone, most of his time and energy being taken by other phases of 
his work; during the academic year 1931-32, that proportion will be re¬ 
versed, and most of his time will be spent in Arabic research.. 

It can not be emphasized too strongly that what is at stake is not simply 
a matter of knowledge, but a matter of understanding and good will. The 
conflict between East and West is but a phase of the eternal conflict within 
our own western world between literary and artistic phrsuits on the one 
hand and scientific and technical ones on the other, or to put it otherwise 
between the old fashioned humanism and the new. A protracted war affects 
mankind almost in the same way as a mortal disease affects a single man 
if he does not die of it. The disease itself is followed by a period during 
which the main danger is averted but the normal equilibrium is not yet 
attained. Thus our time is such a period of convalescence. The world is 
out of joint materially, intellectually, spiritually. Our investigations are of 
no use as far as the material well-being of mankind is concerned, but they 
may be of value with regard to its spiritual conditions. There is a widen¬ 
ing gap between the literary and scientific Elites, between the Easterners 
and the Westerners, which it is urgent to bridge. The best way of bridging 
it is to inject a little of the humanistic spirit in our scientific studies, that is, 
to study not only the latest results of science (as scientists do) but the 
whole of its evolution. The study of mediaeval and of oriental science is 
particularly useful as was explained by Dr, Sarton in his Clover Lectures 
in Providence last year. 

The work done by members of this section during the year 1930-31 will 
be summarized under four headings as usual. 

1. Introduction to the History and Philosophy oj Science —Dr. Sarton 
completed the manuscript of the second volume dealing with the Twelfth 
and Thirteenth Centuries, and prepared its final redaction. It was accepted 
for publication by the Institution and much time was spent in reading the 
proofs. In this the author was very ably helped by Miss Mary C. Welbom, 
who read all of the proofs, and by Dr. A. Pogo, who read some of them. 
He is indebted to both for many valuable suggestions. The index is being 
compiled under the author’s direction by Miss Frances Siegel (Radcliffe 
’31). This volume will appear during the autumn (in two parts, 1138 
pages). 

Miss Welbom has begun a revision of the notes relative to the Latin 
astronomical writings of the Fourteenth Century, for the third volume. 

Dr. Pogo has continued investigations on science in the first half of the 
Sixteenth Century, for the first volume. Incidentally, he began a study of 
an unpublished manuscript of Oronce Fine: Uart et manihre de trouver la 
longitude (1648). 

2. Other investigations —Professor J. Playfair McMurrich’s study of the 
anatomical manuscripts of Leonardo da Vinci undertaken in 1919 was 
finally completed and published under the Institution’s auspices. 

Dr. Sarton continued his examination of some of the fundamental 
memoirs of modem science, to wit, those of Newton on the dispersion of 
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light and the nature of color (1672), of James Bradley on the aberration of 
light (1729) and the mutation of the earth's axis (1748), of Alessandro Volta 
on the electric cell (1800), of Karl Ernst v. Baer on the mammalian egg 
(1827), of William Rowan Hamilton and Humphrey Lloyd on conical re¬ 
fraction (1833). The purpose of these examinations is twofold. First, to 
draw attention to the constant need of returning to the original sources, the 
main infirmity of historical studies in general and of our studies in particu¬ 
lar being their secondhandedness. Of course some amount of secondhanded- 
ness is unavoidable on account of the brevity of life, but the duly of avoid¬ 
ing it as often as possible is nevertheless imperative. Second, to oblige 
himself to devote at least a part of his time to the study of modem science 
and thus to avoid the lopsidedness which might be caused by exclusive 
devotion to medieval thought. While naturally obliged to concentrate his 
efforts on a certain period, the historian of science must try to keep his 
interest alive to the events of every period of the past and the present; it is 
only by so doing that he will be able to understand the implications of 
human progress, for each period helps to explain every other. 

Dr. Pogo pursued his investigations relative to the development of Egyp¬ 
tian astronomy during the ninth to eleventh and during the eighteenth and 
nineteenth dynasties. He had occasion to review the very abstruse re¬ 
searches of the late Carl Schoch on the application of astronomical methods 
to the determination of ancient chronology. 

Miss Welbom has finished a book begun in Paris under the direction of 
the late Professor Louis J. Paetow, on calendar reform in the Thirteenth 
Century, including an edition and translation of the Compotus of Robert 
Grosseteste, which is to be published in the Records of Civilization Series, 
Columbia University Press. She has also completed an investigation Which 
she had begun at the University of Chicago, under the direction of Pro¬ 
fessor James Westfall Thompson, on the development of Arabic influences 
in Lotharingia in the Eleventh Century, to appear in Isis. She has com¬ 
pleted an English translation with notes and glossary of Roger Bacon’s 
treatise De erroribus medicorum, to appear in Isis. 

Dr. John Pelseneer, Fellow of the C. R. B. Educational Foundation, 
studied Hooke’s unpublished diaries, various autographs of Newton, some 
details in the development of mathematical notations, and analyzed the 
interdependence and mutual judgments of the leading scientists in the first 
half of the Seventeenth Century. He examined the possibility of preparing 
a complete edition of Newton’s correspondence, and made the first efforts 
to change that possibility into a reality. 

Miss C. Doris Heilman (Vassar ’30) completed her study of the life and 
work of the English instrument maker, George Graham (1673-1751) and 
made a similar investigation with regard to a follower of Graham, John 
Bird (1709-76). These investigations are of value for the understanding of 
the development of astronomy in the Eighteenth Century. She began a 
study of the history of comets and analyzed the contents of some fifteen 
contemporary tracts dealing with the comet of 1577. She tried to determine 
the nature of Thomas Jefferson’s efforts toward the standardization and 
decimalization of American weights and measures. She edited an unpub* 
lished diary of Edward Jenner. Finally she made various minor investiga¬ 
tions for herself and for Dr. Sarton. 

Mr. Dana B. Durand prepared a preliminary bibliography for the history 
of geography from c. 1300 to 1492 on the basis of the notes accumulated for 
volumes 3 and 4 of the Introduction. 
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3. Publication of Isis —During the past year three numbers of Isis have 
been published (44 to 46) forming the end of volume 14 (pages 277-582) 
and the main part of volume 15 (504 pages), a total of 810 pages, 25 plates, 
5 figures. They contain Id papers, 59 shorter communications and reviews, 
and 2143 bibliographic notes. A large part of the editorial burden was 
kindly assumed by Dr. Pogo. 

Thus far the Editor had been assisted by Mr. L. Guinet, managing editor 
in Brussels, and by three associate editors (the first three in the following 
list). In view of the editor's absence in the East during the year 1931-32, 
and in order to establish the journal on a sounder, foundation, the board of 
associate editors has been enlarged. It now includes eleven members as 
follows: C. H. Haskins (Middle Ages), E. C. Archibald (Mathematics), 
J. K. Wright (Geography), D. B. Macdonald (Islam), C. A. Kofoid (Bi¬ 
ology), Lynn Thorndike (Middle Ages), Solomon Gandz (Israel), Tenney 
L. Davis (Chemistry), H. T. Davis (Philosophy of Science), A. Pogo 
(Astronomy), C. D. Leake (Medicine). 

The Carnegie Institution has no direct interest in Isis, but can not help 
being indirectly concerned for its welfare, because the publication of Isis 
and of Sarton’s Introduction are in the deepest sense two complementary 
undertakings. The Introduction could not be half as elaborate and complete 
if its author was not also the editor of Isis, and in that capacity the recip¬ 
ient of valuable and abundant information streaming to him continually 
from every part of the world. On the other hand, the errors which are 
unavoidable in a work of such scope are corrected in Isis as soon as possible. 
Hence any owner of the Introduction can keep his own copy of it up-to-date 
or obtain the latest information on any single topic by examining the 
numbers of Isis as they appear. 

4. Lectures —Dr. Sarton delivered a course of thirty-five lectures on the 
history of science in the Eighteenth and Nineteenth Centuries at Harvard 
University, and another course of equal length on the history of mathe¬ 
matics at Radcliffe College. Dr. Pogo gave an illustrated lecture on Egyp¬ 
tian astronomy at the Harvard College Observatory, and Dr. Pelseneer 
discussed informally Hellenic science before the Harvard Classical Club. 

History of Greek Thought, by W. A. Heidel 1 

Science and philosophy have become institutions and, in the thought of 
most people, separate institutions. They spring from a common interest, 
the desire to discover and interpret the data of experience. What distin¬ 
guishes them from other projects, such as art and religion, is that they seek 
to satisfy a purely intellectual interest; for we are speaking of “pure” as 
opposed to “applied” science. Among themselves they differ, so far as they 
actually differ, by virtue of their procedures, or the “rules” which govern 
these closely related orders. 

The place and time of the birth of science and philosophy are disputed. 
The decision of the question will ultimately depend on the knowledge of the 
historian and the definition of the terms. At present new sources of knowl¬ 
edge are being brought to light and evaluated, which may require a revision 
of opinions on this point. Certainly one can not say when and where the 
interest was first quickened which gave rise to science and philosophy. 
Even among the Greeks, where I incline to believe we must seek their 
cradle, that interest showed itself in various forms before the advent of 
science and philosophy, as we conceive them; but the terms in which they 

1 For previous report see Year Book No. 29. 
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expressed their problems and solutions are different from our own, and, 
above all, the methods they employed are of an entirely different order. In 
Greece—rather at Miletus, in Asia Minor—in the Sixth Century B.O., for 
reasons that we can in part only discover, this intellectual interest rose to 
a pitch that became momentous. In all probability it brought together a 
circle of like-minded men, comparable to the Gresham College group in 
London and the Junta that gathered about Benjamin Franklin in Phila¬ 
delphia. Though no records have survived, there is the strongest presump¬ 
tion that some sort of organization was effected which persisted for several 
generations. How large the circle may have been, we do not know; but we 
do know the names and some few opinions of a number of notable men who 
belonged to it. From these it is possible to infer the kind of problems they 
considered and the way in which they approached them. Science and 
philosophy may have originated in more than one environment; but here, at 
least, we may with confidence assert, was the cradle of Western thought in 
these directions. 

Despite the meagerness of our sources for the earliest stage they enable 
us to draw certain conclusions. At first the interest was quite general, 
directed to subjects suggested by the widening horizon of an active commer¬ 
cial community in direct or indirect touch with all the then known world. 
Whatever questions were propounded by individual members of the group 
were discussed and led to further reflection and inquiry. If a degree of 
continuity appears, giving rise to an opinion that prevailed, or a special 
interest which developed into a distinct science, this was due to the influ¬ 
ence of strong personalities. In this way the foundations were laid of 
history and physical and descriptive geography; but provinces were not yet 
sharply bounded, and ethnography and other subjects were included in the 
generous scope of their investigations. The field was what might be called 
general science: the method was as yet undefined, though it must have been 
the subject of repeated discussion, as one theory or another was advanced. 

As has been already stated, the interest which produced science and 
philosophy was at first quite general, specialization and the division of the 
field into distinct sciences coming later. Contrary to a widely accepted 
theory the science of medicine was probably the earliest to show consider¬ 
able development, though physicians did not narrowly regard their province 
as the care of the body. There is no reason to suppose that the interest 
which the medical writers display in climate, water and topography as 
affecting health, or in botany, zoology, geography, etc., as concerned with 
nutriment and materia medica, was in any way due to the influence of 
philosophers. Again, an interest in geology, and in geography, physical and 
descriptive, awakened early, and the findings were more likely to influence 
philosophers than to be due to them. We must of course remember that at 
first no distinction was drawn between philosophers and men of science; but 
in certain fields the line of cleavage must have been recognized at a rather 
early date, as may be easily recognized. A survey of the topics of the 
doxographic tradition derived from Theophrastus discloses the fact that al¬ 
most the entire range of interests was covered by the early philosophical 
and scientific literature; but opinions are quoted only from those authorises 
who were regarded as philosophers, with the result that certain fields and 
certain men of great importance are not included. What we know about 
them comes by a distinct line of tradition. This is especially noteworthy 
in regard to geography and history, and, with certain notable exceptions 
readily accounted for, in regard to medicine. Equally important is the 
omission of mathematics. In the case of medicine and mathematics the 
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exp lanation is probably simple; for at the same time that Theophrastus was 
writing the history of philosophy, two other members of the school of Aris¬ 
totle, Meno and Eudemus, were engaged in preparing histories of these 
sciences, and presumably the field was divided between them by common 
agreement along established lines; but the omission of history and geog¬ 
raphy is a different matter. Into the reasons for their exclusion, though 
they are in part readily guessed, it is not necessary to go at present; but it 
is a fact of some consequence that the historical-geographical tradition is 
especially worthy of study, not only because it can be traced back to the 
Sixth Century, but because it yields certain significant data peculiar to 
itself. One particular branch of this tradition, that relating to Egypt, has 
especially occupied me for some time and promises to throw much light on 
early Greek science. 

The foregoing sketch may serve to outline the problem and to indicate 
some of tiie ways in which one may approach its solution. Indispensable 
prerequisites are a full knowledge of the available sources, an adequate 
acquaintance with the problems of science and philosophy, a sound philo¬ 
logical method, and—last but not least—the historical sense, which is not 
inborn but is a critical judgment schooled in tracing a considerable group 
of related events or ideas through a given period, uninfluenced by precon¬ 
ceived notions. The value of the historian’s labors will be proportional to 
the measure in which he approximates such an idea. 

Having indicated the plan which defines the scope of my project, it is 
perhaps unnecessary to speak in detail of the things that have occupied me 
during the past year. In general I may say that I have been working along 
all the lines above mentioned, gathering materials and assessing their value. 
In particular I have spent three months in Egypt, studying the Nile Valley, 
having in mind the notions which the Greeks associated with it, and trying 
to see it as nearly as possible as they saw it. In Europe I have discussed 
my problem with a number of leading specialists in my field and have 
worked in many of the principal libraries, using documents either inacces¬ 
sible or hard to procure in America. The latter class is surprisingly large; 
for, though most important books published in Northern Europe find their 
way into our libraries, this is not in the same measure true of works of a 
learned character issued in the Latin countries. I have been fortunate in 
having free access to a number of the richest private libraries of specialists 
in the history of Greek thought and have used them with great profit. The 
work of the year is designed to supplement what could be done at home by 
filling in the gaps of evidence. The subjects are so numerous that it would 
be tedious to go into details. I propose to continue along this line during 
the next year, because it seems better to take advantage of my presence in 
Europe than to interrupt my work at home by frequent visits abroad. Dur¬ 
ing tne year several special studies have been far advanced and written in 
preliminary draft; but the final form must await my return, when I shall 
have my books and notes ready to hand. 

Research in Paleography, by E. A. Lowe 1 

Nearly all of last year, apart from the sixteen weeks of lecturing at 
Oxford, was devoted to field work. The libraries visited were the Vatican, 
the Archives of Monte Gassino, the Biblioteca Nazionale at Naples, the 
Library of the Monastery of Cava near Salerno, the Chapter Library of 
Verona, The Ambrosiana of Milan, the Bodleian Library and the British 
Museum. For their extraordinary courtesy and helpfulness, cordial thanks 

1 For previous reports see Year Books Nos. 9 to 29. 
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are due to Mgr. Tisserant, Dom Mauro Inguanez, Dottori Burgada and 
Cantarella, Dom Leone Cerasoli, Dom Giuseppe Turini, and Dottore Gal- 
biati. Special thanks are due to Mr. Robin Flower of the British Museum 
and to Dr. Craster of the Bodleian Library for the personal attention which 
they gave to the difficult task of photographing certain palimpsests in their 
charge. 

In the course of these months of field work, a great quantity of material 
was collected, which has served as data for the Corpus of Latin manuscripts 
and for intensive studies of special problems and particular types. Much 
attention was paid to the oldest Latin palimpsests, some of which presented 
extraordinary difficulties in deciphering. A careful examination of these 
palimpsests shows that the primary texts are in various very ancient types of 
Latin script, a better knowledge of which is bound to throw new light on the 
early history of writing. For the humanist there is fascination in the 
thought that below the Eighth-Century Bible, for example, in Palatinus 24 
of the Vatican Library lie buried no less than eight classical authors: 
Seneca, Lucan, Hyginus, Fronto, Livy, Aulus Gellius, Cicero, and an un¬ 
identified orator—all in scripts ranging from the Fourth to the Fifth Cen¬ 
turies. Similar examples are furnished by Naples IV A 8, Vienna 16 and 17 
(now in Naples), Vatic. Lat. 5750 and 5763 and Verona XL (38). All of 
these have been carefully investigated. The last-named palimpsest has 
been the subject of much discussion and scholars have expressed divergent 
views as to the place where the secondary script was written. As this 

a uestion is of considerable interest to paleography, a special article giving 
tie writer’s view is being prepared. During the year, apart from several 
reviews, articles were written on Disjecta Membra in Revue Benedictine, on 
South Italian Manuscripts of Vergil in Studi Medievali, and Nugse Pale¬ 
ographic® in a volume of historical essays, the last two illustrated with 
plates. 

The week of July 13 to 19 will be spent in London as one of the Institu¬ 
tion’s delegates to the Anglo-American Conference of Historians. 




DEPARTMENT OF MERIDIAN ASTROMETRY 1 

Benjamin Boss, Director 

The report of this department covering the past year is practically one 
of satisfactory progress in the formation of the General Catalogue. The 
Albany Catalogue of star positions is in the hands of the printer and will 
soon be published, the final revisions and corrections having been completed. 

THE GENERAL CATALOGUE 

Systematic Corrections 

Raymond has been revising the investigation of systematic errors in 
declination depending upon right-ascension and declination, and the sys¬ 
tematic corrections to proper motion in declination. 

For errors in declination depending upon right-ascension, the material 
employed in Astronomical Journal No. 875, vol. 37, was used with the 
addition of the following catalogues: Leiden 1865, Leiden 1885, Lick 1907, 
Washington 1910, Cordoba 1918, Berlin Vertical Circle 1922, Cape 1922, 
Pulkova 1923, Breslau 1924 and Greenwich Altazimuth in the Prime Vert¬ 
ical 1925. Solutions were made by zones in addition to a general solution. 
A fairly definite dependence upon declination was found, particularly in 
the sin a term, which is probably due to error in the temperature term of 
the refraction tables, variation of flexure with temperature, etc. The vari¬ 
ations, however, are so small that it appears wise to neglect them and use 
only the results of the general solution. The corrections indicated by this 
solution are comparable in size with the quantities neglected in the com¬ 
putations and might reasonably be neglected. If no correction of this 
nature, variable with the declination, is applied in the revision, except to 
certain catalogues which themselves contain large errors of this sort, then, 
since none was applied in the construction of the Preliminary General 
Catalogue, the more reliable catalogues entering unchanged into the revision 
may reasonably be expected to modify the system in the same way as a 
complete solution based upon the same catalogues and formally applied. 

The revision of the corrections to declination depending upon declination 
treats the series of catalogues observed at Pulkova, Greenwich and Cape, 
reducing them to uniform systems of latitude, refraction, flexure and divi¬ 
sion error. Further refinements have been introduced and three new cata¬ 
logues, Pulkova 1905 and 1925 and Cape 1925, have been included. For 
the general solution 14 additional catalogues are being used, which combine 
with those employed in the previous discussion to bring the total up to 75. 
A search was made for places in which the system of the Preliminary 
General Catalogue has discontinuities. Besides the well-known one at 
—60°, one was found at the zenith of the Cape Observatory and a smaller 
one at that of Greenwich. * 


Reductions 

The comparison of catalogues with the ephemerides to form the star sheets 
has been completed for all the stars of the Preliminary General Catalogue 

*Addreaa: Dudley Observatory, Albany, New York. 
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except a few close circumpolars. Five thousand are checked in both co¬ 
ordinates. For 2000 stars one systematic correction to the right-ascension 
has been applied and checked. 

All star sheets for the northern miscellaneous stars, about 11,800, are 
completed in both coordinates, with systematic corrections applied and 
checked. The conditional equations for the solutions have been formed 
and checked, and the normal equations formed but not checked. 

All the star sheets for the southern miscellaneous stars, about 15,500, 
have been started. Catalogue comparisons have been made and checked to 
21 hours of right-ascension and the application of systematic corrections 
and weights is complete to 17 hours, and partially done for the next three 
hours. The formation of the conditional equations is complete, with check¬ 
ing, to 11 hours, and partially completed to 12 hours. 

Extension of the ephemerides to 1950 is well starred and the check 
computations of the reductions from 1875 to 1950 have been made for 
5200 stars. 

Binaries 

A revision of the data given in Appendix II of the Preliminary General 
Catalogue, relating to binaries, is in progress, utilizing the increased 
meridian material and new orbits. The list will be considerably extended. 
New masses have been determined for ten binaries and ephemerides 
prepared. 

MISCELLANEOUS INVESTIGATIONS 

Stellas Motions 

As a contribution toward the examination of the part played by moving 
groups of stars in the determination of preferential motion, Wilson is 
making a study of the Taurus cluster and its associated group. Proper 
motions have been collected for 136 cluster stars, for 60 of which approx¬ 
imate radial velocities are known. Wherever new positional material was 
available, new proper motions were computed. The cluster is found to be 
moving toward the apex at o=92?3 and S=+29?7, with a speed of 31.0 
km/sec. From the spread of the individual apices, criteria have been 
developed for picking out, from stars in all parts of the sky, those which 
may be considered as members of the Taurus group. 174 stars have been 
identified as members of the group. Studies of the spectral distributions 
show that both the cluster and group are composed largely of main sequence 
stars, principally of types A2 to M. Study is being made of the distribu¬ 
tion in space of the two sets of stars. 

OcCTJLTATION StABB 

Wilson has determined the positions of 110 stars for Professor E. W. 
Brown of Yale University, for use in his reductions of occultations of stars 
by the Moon. 

Stellas Wave-Lengths 

Stellar velocities in the line of sight depend upon the identification of lines 
in the stellar spectra with lines of known laboratory origin. On account 
of the great complexity of stellar spectra, reliable identifications must be 
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based upon extensive and detailed study of the lines present in them. Such 
an investigation was planned by Albrecht for a typical star of each spectral 
class. That for y Geminorum, class AO, has been published, and one for 
a Canis Minoris, class F5, is nearly ready for publication. In the spectrum 
of the latter star, measures of 880 lines have been studied for identification 
with laboratory spectra and 86 lines have been selected as suitable for use 
in the determination of radial velocities. It is expected that the comple¬ 
tion of these studies will provide the means for a better determination of the 
K-term, an apparent outward motion of the stars discovered by Campbell 
at the Lick Observatory. This phenomenon has become of considerable 
importance because of its possible relation to the apparent outward motion 
of the spiral nebulae. 

STAFF 

No changes in the regular staff have occurred since the last report. Eight 
part-time computers have been employed at various times during the year. 




MOUNT WILSON OBSERVATORY 1 


George E. Hale, Honorary Director 
Walter S. Adams, Director 
Frederick H. Seares, Assistant Director 

The death of Dr. Albert A. Michelson on May 9,1931, brought to a close 
a relationship between this great scientist and the work of the Observatory 
which has been productive of notable advances in knowledge and has 
influenced in many ways the objects and methods of our research. Dr. 
Michelson was appointed Research Associate of the Carnegie Institution 
of Washington in 1919 and during the periods of his visits to the Observa¬ 
tory carried on three major investigations, in all of which his remarkable 
genius in optical problems played a most important part. The first of these 
was the application of the interferometer to the measurement of stellar 
diameters and of very close double stars, which resulted in the first success¬ 
ful determination of a star’s diameter and confirmed in a striking way 
theoretical studies of stellar luminosities. The second investigation, con¬ 
ducted in collaboration with Mr. Pearson and Dr. Pease, was a repetition 
of the Michelson-Morley experiment with new apparatus operated under 
the most favorable conditions. The precision attained was very high and 
the results bore out fully Michelson’s earlier conclusion that no measurable 
displacements of the interference fringes occurred in different orientations 
of the instrument. Finally, Dr. Michelson returned to the problem with 
which his name will always be most intimately associated, the measurement 
of the velocity of light. In 1925-1927 he secured with the aid of Mr. Pear¬ 
son a series of admirable determinations over a distance of 21 miles between 
Mount Wilson and Mount San Antonio which yielded a value of 299,796 
km./sec. with an astonishingly small probable error. The difference of 
about 60 km./sec. between this value and that previously accepted made 
him most desirous of repeating the measurements under conditions which 
could be controlled accurately. For this purpose he designed a pipe line 
which could be exhausted of air to provide the finest observing conditions, 
'and through which the light could be sent back and forth by multiple reflec¬ 
tions. Through the financial aid of the Rockefeller Foundation and the 
Carnegie Corporation the necessary apparatus was secured and installed, 
and the measurements were undertaken as a joint investigation by the 
Observatory and the University of Chicago. Dr. Michelson personally 
made some of the earliest observations, and the successful outcome of the 
work under the care of Dr. Pease and Mr. Pearson was fully assured at the 
time of his death. Although his loss is felt most deeply by the members 
of our staff, with whom he has been associated intimately for many years, 
it is a source of great satisfaction that the Observatory was able to con¬ 
tribute so extensively to the investigations which Dr. Michelson had most* 
at heart during the latter years of his life. 

Especially noteworthy among the events of the year were the visits of 
Professor Einstein to the California Institute of Technology and the Observ¬ 
atory during the months of January and February, and of Sir James Jeans, 

1 Address: Mount Wilson Observatory Office, Pasadena, California. 
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Research Associate of the Carnegie Institution, to the Observatory during 
May. Both of these eminent scientists visited Mount Wilson during their 
stay and through lectures and discussions took an intimate part in the 
researches in progress. Their wide knowledge of physical processes and 
their suggestive criticisms can not fail to influence in many important ways 
the problems under investigation at the Observatory. 

The General Meeting of the American Association for the Advancement 
of Science in June brought many astronomers, physicists and other scientists 
to Pasadena and afforded numerous opportunities for discussion and forma¬ 
tion of plans for cooperative studies. Of three technical sessions of the 
Astronomical Society of the Pacific and Section D of the American Associa¬ 
tion, one was held in the 100-inch telescope dome on Mount Wilson, one in 
the library of the Observatory in Pasadena, and the third as a joint meet¬ 
ing with the American Physical Society at the California Institute. Imme¬ 
diately preceding and during these meetings Professor R. H. Fowler of 
Cambridge University delivered before the members of the staff and others 
interested a short series of most valuable lectures on the theory of stellar 
atmospheres and the interior of stars. 

In cooperation with the California Institute of Technology, the Observa¬ 
tory has continued its assistance on plans relating to the 200-inch telescope, 
and Dr. Hale, Dr. Anderson, Dr. Pease and Dr. Smith have all given a 
part of their time to this work. Since the development of accessory appara¬ 
tus and improved methods of observation forms an integral part of this 
project, it has been most fortunate that Dr. Ross of the Yerkes Observatory 
and Dr. Stebbins of the Washburn Observatory could visit Mount Wilson 
during the year. Dr. Ross has made further tests on his lens for extending 
the field of the reflecting telescope, and Dr. Stebbins has utilized his photo¬ 
electric photometer on the 60-inch reflector in studies of the surface bright¬ 
ness of extended nebulse. 

One of the most interesting results of the year is the further confirmation 
of the fundamental relationship between distance and amount of red-shift 
found by Dr. Hubble and Mr. Humason in the spectra of the extra-galactic 
nebulse. The most recent observation of this character is of a faint nebula 
in a cluster in the constellation of Leo, the distance of which is estimated 
by Hubble at 105 million light-years. The red-shift on a spectrogram 
obtained by Humason amounts to about 300 angstroms, which would cor¬ 
respond to a radial velocity of -(-19,700 km./sec., by far the largest dis¬ 
placement ever observed in the spectrum of any object. The “velocity"- 
distance relationship has now been established from observations of over 
50 nebulse, 31 of which occur in clusters. Whether these huge red-shifts are 
to be interpreted directly as motions of recession, which would imply a 
rapidly expanding universe, is as yet uncertain, although no other adequate 
explanation has as yet been offered. In any event this relationship between 
distance and red-shift must remain an observational result of profound sig- 
niSe&N* in its bearing on the nature and development of the stellar universe. 

The support system originally installed beneath and at the edges of the 
100-inch mirror was necessarily experimental in the case of a disk of such 
great weight and size. During recent years it has been suspected that 
some of the distortions observed in the figure of the mirror, at first ascribed 
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to the effect of temperature variations, might arise from local strains, and 
in the course of the past winter a new support system has been designed 
and constructed in our instrument shop. The principle of multiple lever 
support is retained, but ball races have been inserted between the lever 
arms and the supporting plates on both the back and the edges of the 
mirror. The position of the minor is defined very closely by the edge-arcs, 
but within the narrow limits allowed for temperature variations the minor 
is very free and can be moved by a push of the hand. This support system 
has performed extremely well and has improved greatly the character of 
the images, especially in certain positions of the telescope. Our experience 
in this connection should be of great value in its bearing on the methods 
of support for the mirror of the 200-inch telescope. 

STAFF 

Dr. George E. Hale, Honorary Director of the Observatory, has divided 
his time between solar observations with the spectrohelioscope at the Solar 
Laboratory and the consideration and discussion of plans for the 200-inch 
telescope. Dr. Walter S. Adams, Director, has carried on the administra¬ 
tive work of the Observatory and has been engaged in investigations in 
stellar spectroscopy. Dr. Frederick H. Seares has shared in the administra¬ 
tive duties and has continued his studies on stellar distribution. In addition 
he has remained in charge of the editorial supervision of the Observatory 
publications. 

Dr. John A. Anderson has given much of his time to the detailed plans 
relating to the 200-inch telescope and has carried on further experimental 
work in the laboratory on various optical problems and on the spectra of 
high-tension discharges. Dr. Arthur S. King, Superintendent of the Physical 
Laboratory, has been engaged mainly in studies of rare-earths and has 
completed the measurement of wave-length and the estimation of intensity 
for great numbers of lines in these most complex spectra. Dr. Edwin P. 
Hubble has continued his investigations of extra-galactic nebulse with espe¬ 
cial reference to their distribution and distances and has further confirmed 
the relationship established by him between red-shift and distance. Dr. 
Paul W. Merrill has extended his work on bright-line O- and B-type stars, 
studying the spectra throughout a wide range of wave-length and tracing 
the variations of intensity of some of the lines in certain of these interesting 
objects. Mr. Harold D. Babcock has devoted considerable time to problems 
connected with the ruling machine and has made further studies of the 
infra-red solar spectrum and of the spectra of the isotopes of oxygen in 
the earth’s atmosphere. Professor Alfred H. Joy, Secretary of the Observ¬ 
atory, has investigated the spectra of many variable stars including the 
fainter Cepheids and those of the Algol and cluster types. Dr. Seth B. 
Nicholson has given most of his time to solar observations, the measure¬ 
ment of sun-spot polarities and the compilation and examination of the 
material. With the assistance of Mr. Mayall he has also computed an 
orbit of the planet Pluto and derived a value of its mass from the 
perturbations of Neptune. Dr. Francis G. Pease, in addition to work on the 
200-inch telescope, has made many of the measurements required in the 
investigation of the velocity of light and has observed with the 50-foot 
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interferometer on Mount Wilson. Dr. Adriaan van Maanen has continued 
his measures of the parallaxes and proper motions of selected stars on 
photographs taken with the two reflectors and has also investigated the 
proper motions of several nebula from negatives made a considerable 
number of years apart. Dr. Edison Pettit has made regular observations 
of the ultra-violet solar radiation and has undertaken new investigations 
dealing with the energy-curve of the sun in the ultra-violet and with the 
relative forms of prominences in calcium and hydrogen light. Dr. Eoscoe 
F. Sanford has devoted his time to stellar spectroscopy with especial 
reference to stars of variable radial velocity and spectroscopic binaries. 
Dr. Gustaf Strbmberg has been engaged in computations relating to the 
luminosity distribution among stars of types A to M and to a mathematical 
investigation of the motion of a particle in a system of varying density. 
Dr. Theodore Dunham has given much attention to' the development of 
methods of standardizing spectrograms and deriving line contours and has 
employed them in connection with stellar spectra of high dispersion. Mr. 
Milton Humason has continued his spectrographic observations of faint 
extra-galactic nebulae, with most interesting and important results. Dr. 
Sinclair Smith has devoted a portion of his time to work at the Seismological 
Laboratory and to problems connected with the 200-inch telescope. In 
addition to other investigations he has designed and used at the coude focus 
of the 60-inch reflector a highly sensitive photoelectric photometer of special 
type. Mr. Ferdinand Ellerman has carried on solar observations on Mount 
Wilson, and much of the general photographic work of the Observatory has 
been under his charge. Dr. Robert S. Richardson has been engaged in 
solar investigations, giving especial attention to the study of bands in the 
spectra of sun-spots. Mr. Joseph Hickox has continued as regular solar 
observer on Mount Wilson and has done much work on the testing of 
photographic emulsions. 

In the Computing Division, Miss Louise Ware has used the large register¬ 
ing microphotometer for a variety of investigations on the contours and 
intensities of spectral lines and has measured and reduced many of Dr. 
Pettit’s photographs of solar prominences. Miss Elizabeth Sternberg has 
continued her measurements of the positions and areas of sun-spots and has 
compiled and discussed much of the material on sun-spot polarities. Mr. 
Edward F. Adams has been engaged principally in the measurement of 
solar spectra and the determination of the solar rotation. Miss Myrtle L. 
Richmond has carried on the reduction of the observations of the ultra¬ 
violet radiation of the sun and of the radiation of the moon and planets. 
Miss Richmond and Miss Brayton have also assisted Dr. Stromberg in the 
preparation of the material used in his studies of absolute-magnitude dis¬ 
tribution among the stars. Miss Mary C. Joyner has cooperated with Dr. 
Seares in photometric investigations and studies of stellar distribution. Mr. 
Howard C. Willis was appointed to the staff on July 1, 1930, and has been 
assisting in the observation and reduction of parallaxes and proper motions 
of stars. Miss Cora G. Burwell has continued her studies of the spectra 
of bright-line 0- and B-type stars under investigation by Dr. Merrill. Miss 
Elizabeth Ma<!Cormack has given her time to the measurement and reduc¬ 
tion of stellar and nebular spectrograms and computations of stellar motions. 
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Mr. Nicholas Mayall has taken part in the spectroscopic and direct photo- 
graphic observations on Mount Wilson and has measured radial velocities 
as well as stellar magnitudes from photometric plates. Miss Ada M. 
Brayton has assisted in the reduction of the spectrograms of rare-earths and 
has given much time to computations of the absolute magnitudes of stars. 
Mr. William H. Christie has carried on photographic and spectroscopic 
observations and has measured many of the stellar spectrograms. Mr. 
Wendell P. Hoge has assisted Mr. Babcock in the Physical Laboratory and 
has shared in spectroscopic observations on Mount Wilson. Miss Elizabeth 
Connor has remained in charge of the library and has assisted in editing 
the Observatory publications. 

Dr. Albert A. Michelson, Research Associate of the Carnegie Institution, 
returned to Pasadena from Chicago late in the summer of 1930 and remained 
until his death in May 1931. During this time he carried on with the 
assistance of Mr. Pearson and Dr. Pease his investigation on the velocity of 
light. Sir James Jeans, Research Associate, visited the Observatory in 
May 1931, and gave several interesting and suggestive informal lectures 
before the members of the staff. Dr. Henry Norris Russell, Research 
Associate, spent two months in Pasadena during the autumn of 1930 and 
devoted especial attention to a study of the results of an analysis of the 
line-spectrum of sun-spots made by Miss Moore. Dr. Charles E. St. John, 
Research Associate, has continued his measurements of the solar rotation 
and of the contours and intensities of solar spectrum lines. Dr. Toshio 
Takamine, of the Institute of Physical and Chemical Research of Tokyo, 
spent most of the past winter as Research Associate at the Physical Labor¬ 
atory in Pasadena. His principal research was on the absorption of the 
ultra-violet lines of hydrogen of the Balmer series. 

Many astronomers and other scientists have visited the Observatory 
during the year and several have undertaken definite research investigations 
during the periods of their stay. Dr. Fred E. Wright, of the Geophysical 
Laboratory of the Carnegie Institution, was engaged in lunar studies and 
preparations for the construction of a new map of the moon during several 
weeks in the autumn of 1930. Dr. Frank E. Ross, of the Yerkes Observa¬ 
tory, was at Mount Wilson between August and October 1930, and, in addi¬ 
tion to making further tests of his correcting lens for the field of the 60-inch 
reflector, he obtained a number of photographs of the Milky Way with a 
special lens of his own design. Dr. Ross returned to Pasadena for additional 
work on June 1, 1931. Dr. Joel Stebbins, Director of the Washburn Ob¬ 
servatory, carried on observations of stars and extra-galactic nebul® with 
his photoelectric photometer during August and September 1930. Dr. Giorgio 
Abetti, Director of the Royal Astrophysical Observatory at Arcetri, spent 
the months of August and September in Pasadena and engaged in solar 
observations with the spectrohelioscope and in studies of the chromospheric 
spectrum. Dr. C. D. Shane, of the University of California, continued 
during the summer months his investigation of the intensities of solar 
spectrum lines by his interference method. Dr. Otto Struve, of the Yerkes 
Observatory, made observations of the spectra of B-type stars during June 
and July 1930. Dr. John C. Duncan, Director of the Whitin Observatory, 
spent the months of July and August 1930 at Mount Wilson and took part 
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in the direct photographic work. Dr. Duncan returned to Pasadena in 
April 1931. Dr. B. W. Sitterly, of Wesleyan University, after spending 
eight months at the Observatory in photometric investigations returned to 
Middletown in August 1930. Mr. R. v. d. R. Woolley, Commonwealth 
Research Fellow at Mount Wilson since September 1929, after completing 
several studies of spectral line contours returned to England in March 
1931. Miss Charlotte E. Moore, of the University Observatory at Prince* 
ton, was in Pasadena between July 1930 and January 1931 engaged in a 
study of several thousand lines in the sun-spot spectrum on the Mount 
Wilson photographs. 

Among astronomers who visited the Observatory for briefer periods, but 
in many cases carried on observations with the instruments, were Dr. Harlow 
Shapley, Miss Cecilia Payne, Dr. Frank S. Hogg, and Miss Henrietta Swope 
of the Harvard College Observatory, Dr. John A. Miller of Swarthmore 
College Observatory, Dr. E. A. Fath of Goodsell Observatory and Dr. P. 
ten Bruggencate of the University Observatory at Gottingen. 

The members of the staff of the Observatory took an active part in the 
meetings of the National Academy of Sciences held in Pasadena in October 
1930, and of the American Association for the Advancement of Science in 
June 1931. Many technical papers were contributed to these meetings, 
and Merrill, Babcock, Joy and others devoted much time to the plans of 
organization for the various sessions. The representatives of the Observa¬ 
tory at the annual meeting of the Carnegie Institution at Washington in 
December were Adams and Hubble. On this occasion Hubble gave one of 
the lectures in the regular Institution series on the subject of The Explora¬ 
tion of Space. The local series of lectures in Pasadena and Los Angeles 
under the auspices of the Astronomical Society of the Pacific and the 
Carnegie Institution which has been maintained for several years past was 
given during the winter months, mainly by members of the Observatory 
staff. 


SUMMARY OP THE YEAR’S WORK 

Solar activity, as measured by the number of sun-spot groups, has de¬ 
creased, the average daily number during 1930 being 3.8, as compared with 
6.0 in 1929. The phase of the spot-cycle at present is about half-way 
between maximum and minimum. The polarities of 221 groups have been 
observed, 80 per cent being regular, 6 per cent irregular, and 14 per cent 
unclassified. Two small bipolar groups in high latitudes had polarities 
opposite to those of the present cycle, but can not be regarded with cer¬ 
tainty as forerunners of the next cycle. 

Direct photographs of the sun were made on 302 days between July 1, 
1930, and June 30,1931, by Ellerman, Hickox, Nicholson and Richardson; 
and 1052 calcium and hydrogen spectroheliograms were obtained with the 
60-foot tower telescope. Estimates of the areas of the flocculi, also an 
index of solar activity, have been sent regularly to the Solar Physics Com¬ 
mittee of the International Astronomical Union and to Terrestrial Magnet¬ 
ism and Atmospheric Electricity. Spectroheliograms have also been sup¬ 
plied to the Kodaikanal and Meudon Observatories, and sun-spot numbers 
to Science Service of Washington. 
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Observations with the spectrohelioscope have been continued regularly by 
Hale at the Solar Laboratory and by the observers on Mount Wilson. 
Hale has designed a simplified form of instrument primarily for amateurs, 
and an attachment for quickly converting a spectrohelioscope into a spec- 
troheliograph. Twenty-five observatories and other institutions distrib¬ 
uted all over the earth are cooperating in Hale’s plan to observe the sun 
systematically with this instrument. 

Special observations of prominences have been made by Pettit with the 
Yerkes and Mount Wilson spectroheliographs in a study of internal mo¬ 
tions and velocities of eruption. Prominences in hydrogen (Ha) and cal¬ 
cium (K 2 ) light photographed at Mount Wilson and observed simultan¬ 
eously with the spectrohelioscope at Pasadena show the same structure, 
even to many of the details, thus indicating a thorough mixture of the two 
kinds of atoms. Occasional exceptions are the streamers which often ap¬ 
pear as broad ribbons in K 2 and thin lines in Ha. If confirmed, this result 
might be interpreted as indicating the electrical nature of prominences, 
since the ionized calcium atom has an external electrical field, while neutral 
hydrogen has none. In this connection Pettit measured the height of the 
chromosphere in Ha by observing the change in the diameter of the solar 
image when the line was thrown on and off the second slit of the spectro¬ 
helioscope. Measures in March and April gave a value of 8000 km. 

Measures of the integrated ultra-violet radiation of the sun by Pettit 
gave the lowest monthly averages since 1924. Since a change of nearly 
1000° in the temperature of the sun would be required to produce the ob¬ 
served variation, a partial explanation is perhaps to be found in some 
atmospheric variant, itself controlled by ultra-violet light. Pettit has also 
measured at Tucson, Arizona, the ultra-violet energy-curve of the sun’s 
disk, using a 12-inch fused silica objective to form an image. Between 
A 0.385 ft and A 0.325 p the solar energy is nearly constant, the rapid fall ob¬ 
served at the earth’s surface being due mainly to atmospheric scattering. 

Observations of the solar rotation by St. John indicate a slow increase 
in the linear velocity since 1928. According to other observers, the velocity 
decreased between 1905 and 1912. Since the velocity derived from long- 
lived spots has remained practically constant for 30 years, the results for 
the reversing layer indicate a reversal of flow relative to spots after the 
cycle 1901-1913. A correlation of linear velocity with the double spot- 
cycle and the direction of whirl in the spot-forming vortex would be of 
great interest. A somewhat similar though smaller change has been found 
in the velocity of the high-level chromosphere given by Ha. 

Babcock has nearly completed his measurements of solar wave-lengths 
between A 7330 and A 9100 and is continuing his observations toward the 
present photographic limit at A11934. He has also studied the faintest 
lines visible on some of the original negatives made by Jewell with Row¬ 
land’s apparatus at Baltimore. Of 4709 lines having intensity —3 i$ 
Rowland’s Table, 29 per cent have been identified with more or less cer¬ 
tainty, but the reality of many of the others seems very doubtful. 

Theoretical developments based on a study of molecular dissociation by 
Dr. Russell account for many observational results on band spectra in solar 
and stellar atmospheres. The abundance of hydrogen and oxygen ex- 
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plains why most of the recognised compounds are hydrides and oxides. 
The maximum of intensity shown by the cyanogen and hydrocarbon bands 
near spectral type G5 may be due to the fact that CO is the most firmly 
bound carbon compound. When there is considerably more oxygen than 
necessary to combine with the carbon, an increasing proportion of the 
carbon goes into CO at the expense of CN, CH and C„ if the temperature 
is low, while at high temperatures which dissociate all compounds, the 
CN and CH bands reach a maximum. When carbon is in excess, the CN, 
CH and C 2 bands should increase steadily in strength as the temperature 
falls. Dissociation of the molecules and ionization of the metallic atoms 
account for the rapid weakening of the titanium oxide bands with rising 
temperature, as well as for the occurrence of the bands of the hydrides of 
magnesium, calcium and aluminum in the spectrum of sun-spots, but not 
of the disk. The compounds of the non-metals persist at higher tempera¬ 
tures than those of the metals because the non-metals are harder to ionize. 
Considerations of the influence of differences in temperature and pressure 
upon the dissociation of compounds indicate that band-spectra in general 
should show no conspicuous absolute-magnitude effects. 

Richardson has measured wave-lengths and intensities of lines in the 
solar hydrocarbon bands with a view to determining the temperature of 
the reversing layer and any departure from thermodynamic equilibrium 
for molecules. During the investigation, he has identified three new CH 
bands in the spectrum of the disk. Intensity measurements by Mr. Wool- 
ley show that the weaker lines of multiplets in the solar spectrum are rela¬ 
tively much stronger than in emission spectra and indicate a marked diver¬ 
gence from the values obtained from the calibration of Rowland’s Table by 
Russell and Adams. The widening of the lines by the finite resolving 
power and by the Doppler effect appears to be insufficient to account for the 
observed departure. The possibility that Unsold’s method for determining 
the number of atoms that perform the transitions fails in the case of weak 
lines has been tested by measures of atmospheric oxygen lines. Their 
widths are found to be proportional to the three-eighths rather than the 
one-half power of the number of atoms. During a study of selected multi¬ 
plets in the solar spectrum, St. John has found a similar divergence of the 
weaker diagonal lines from their theoretical intensities. 

Miss Moore investigated the intensities of over 6000 atomic lines in the 
sun-spot spectrum, of which 956 have been identified as faint predictable 
members of multiplets. She has also measured 396 new lines which appear 
only in the spot spectrum and has identified 193 of them. The tempera¬ 
ture of spots based on a comparison of lines of different excitation poten¬ 
tials for six elements is found to be 4720° absolute, the temperature of the 
photosphere being taken as 5740°. The relative intensities of the arc and 
the enhanced lines give an effective electron-pressure above the spot 0.60 
times that above the disk, the reduction being due to the lower ionization. 
The corresponding effective amount of absorbing matter per unit area above 
the spot is 1.7 times that over the disk. The ratios calculated from Rus¬ 
sell’s data for the composition of the solar atmosphere and Gaunt’s formula 
for the opacity coefficient are 0.55 for the electron-pressure and 1.35 for 
the absorbing material. The theoretical intensities of sun-spot lines cal- 
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culated from these data are in good agreement with observation, the aver¬ 
age discordance being ±1 on Rowland’s scale. 

Lunar and planetary investigations include the completion of apparatus 
for Dr. Wright’s photographic map of the moon on a standard line of sight, 
further spectrographic observations of the polarisation of light reflected 
from surface features on the moon by Adams, and photographs of the faint 
satellites of Jupiter by Nicholson. The most probable mass of Pluto, as 
determined by Nicholson and Mayall from the perturbations of Neptune, 
is about two-thirds that of the earth. Visual observations of Pluto with 
the 100-inch reflector have so far shown no evidence of a measurable disk. 
An attempt to derive a mass for the satellite of Neptune has been made by 
van Maanen, Nicholson and Willis. From measurements made on 14 
nights when the planet was nearly stationary, the most probable value is 
between 0.04 and 0.1 the mass of the earth. 

Observations of Mars made near aphelion by Nicholson and Pettit with 
a thermocouple substantially corroborate the theoretical difference between 
aphelion and perihelion of 27° C. in temperature for the sub-solar point. 
The mean maximum temperature on Mars throughout the Martian year 
is approximately 14° lower than that based on measurements at perihelion. 

From a study of some 20,000 nebulas north of —30°, Hubble finds a zone 
of avoidance along the galactic plane which appears to represent the dis¬ 
tribution of obscuring clouds. In the general direction of the center of 
the system, partial obscuration extends to galactic latitudes ±40°, but 
toward the anticenter it is very limited. In latitudes greater than ±40°, 
the surface distribution of nebulae is approximately random with occasional 
clusters scattered at wide intervals; and the increase in numbers with expo¬ 
sure-time indicates an approximately uniform distribution in depth. The 
resulting mean density is one nebula per 6 x 10 1 * cubic parsecs or 5 x 10 - * 1 
gm./c.c., on the assumption of a mean nebular mass of 5 x 10* suns. Two 
new clusters of faint nebulae near the Virgo cluster have been discovered 
on photographs by Mayall, and Christie has found in Leo a cluster of some 
300 nebulae, apparently the most distant cluster now known. 

Measurements of 12 spiral nebulae by van Maanen on photographs sepa¬ 
rated by intervals of from 9.9 to 14 years give absolute proper motions 
ranging from 07002 to 07014 in right ascension, and from 07000 to 07019 
in declination. These are so distributed that all the nebulae are apparently 
moving away from the poles of the galaxy. The alternative of a motion of 
the comparison stars toward the poles is not supported by measures of the 
faint stars in several fields centered on Boss stars. These stars show no 
such effect, but the question is still under investigation. From measures 
of six points in Messier 101, van Maanen obtains a mean annual rotational 
component of 07015±:07003, in good agreement with his earlier results. 

Humason has determined the apparent radial velocities of 15 extra- 
galactic nebulae, 11 of which are in nebular clusters. One of these, in the 
Leo cluster discovered by Christie, shows a red-shift of nearly 300 ang¬ 
stroms, corresponding to a radial velocity of +19,700 km./sec. Hubble and 
Humason have used all their results to extend the velocity-distance rela¬ 
tionship, which is now based upon 85 nebulae ranging over a distance of 
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105 million light-years. Except for a revision of the unit of distance, the 
relation, velocity = (distance in parsecs) /1790, remains unchanged. Hubble, 
using all available data, including Shapley’s revision of the zero-point of 
the period-luminosity curve for Cepheids, finds —13.8 for the photographic 
and —14.9 for the photovisual mean absolute magnitudes of extra-galactic 
nebuls. 

Among other investigations of the year dealing with extra-galactic 
nebuliB are: spectrographic observations of rotation by Pease; measurements 
of brightness with a photo-electric cell by Smith, which indicate the possi¬ 
bility of observing objects as faint as the seventeenth magnitude; a study 
by Hubble of the relation between size and surface-brightness of threshold 
images, important for deriving the total magnitudes of faint nebulae; and 
a comparison by Stromberg of the aberration coefficient of light from the 
Ursa Major cluster of nebulae with that from nearby staife, which shows the 
velocity of light from the two sources to be the same within the errors of 
measurement. 

Trigonometric parallaxes have been determined by van Maanen for 19 
stars, six of which have photographic absolute magnitudes fainter than 
+10. Among 60,000 stars in 42 Selected Area fields, 122 with magnitudes 
between 6.7 and 20 are found by van Maanen and Willis to have proper 
motions between 07041 and 07925. The percentage of stars having such 
motions increases from 0.07 in galactic regions to 1.02 in high latitudes. 
The mean motion decreases with magnitude but seems to be independent of 
galactic latitude, while the mean parallaxes depend little on the magnitude 
but are strongly correlated with proper motion. The calculated position 
of the antapex of the motions is A = 6 b 43 m ; D = —28°. 

Stromberg has investigated the orbit of a particle in a system having 
spherical symmetry and a density decreasing outward according to an ex¬ 
ponential law. In general the orbit is not periodic but consists of a suc¬ 
cession of loops around the center. Corresponding results are found for a 
greatly flattened system. These types of orbits may be expected for stars 
in the galactic system moving under the gravitational influence of the 
system as a whole. 

Excellent progress has been made by Seares and Miss Joyner on the 
program of photovisual magnitudes in the Selected Areas. The color of the 
stars in Area 40, near the edge of an obscuring cloud, is striking. At least 
one-fourth of 760 stars brighter than magnitude 15.7 show a color excess of 
about 0.7 mag. Spectral types observed by Humason check the zero-point 
of the color indices and indicate a distance for the absorbing cloud of 
the order of a thousand parsecs. The Mount Wilson photovisual scale 
used in these investigations has been found to be in close agreement with 
visual measures of polar stars recently published at Potsdam. 

Magnitudes and colors of 374 stars along the path of Eros by Seares, 
Sitterly, and Miss Joyner, besides affording standards of brightness, pro¬ 
vide material for studies of the relation between spectrum and color and 
of the scales and color equations of various catalogues. Mayall has ob¬ 
served a long-period variable found by him which has an exceptional color 
index of about 5 magnitudes; and also van Gent’s faint variable, the period 
of which is only 100 minutes. 
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Seares has studied the relation between the true space-density function 
of stars and that found by ignoring the effects of absorption. Tests made 
with different coefficients indicate that the absorption now known to occur 
in low latitudes is not constant either in longitude or for any great distance 
in the galactic plane; otherwise, the true space density would increase with 
increasing distance from the sun. 

For questions involving space density, a numerical method devised by 
Seares for determining the density function should be useful. It makes no 
assumption as to the form of the density function, admits the use of a 
luminosity function which changes with the distance, and is applicable at 
all distances, except in so far as the inherent uncertainty of the problem 
sets a limit. 

The adjustment and operation of the 50-foot interferometer have been 
continued by Pease, who has observed fringes with mirror-separations up 
to 44 feet. Measurements of a Orionis give an angular diameter of about 
0V040 and of /? Andromedae, 0"016. 

In the field of stellar spectroscopy, instrumental additions include a 
three-prism spectrograph for use in the ultra-violet and a 15-foot concave¬ 
grating spectrograph for the coude focus of the 100-inch telescope. These 
instruments, together with a plane-grating spectrograph used principally 
in the red and infra-red, have added greatly to our knowledge of stellar 
spectra in these important regions. 

About 1200 stellar spectrograms have been obtained during the year. 
Among the chief results of their study are: the determination of the radial 
velocities of about 100 stars; the derivation by Joy of orbits, masses and 
absolute dimensions for the eclipsing variables TT Aurig®, RS Canum 
Venaticorum, and RT Lacert®; the completion by Sanford of the orbits of 
the spectroscopic binaries H.D. 73619, 75767, 206546 and 214686; and 
further results by Sanford on the variable radial velocities of the inter¬ 
esting stars ACHerculis and Boss 1074. Joy has completed approximate 
velocity-curves for 10 Cepheids and has under investigation the spectra of 
many other variables of different classes. For 10 stars of type N and two 
of type R, Sanford finds a velocity difference of 23 km./sec. between the 
emission lines of hydrogen and the absorption lines of other elements. 

Since 1924 more than 90 bright-line B-type stars have been discovered 
by Merrill, Humason and Miss Burwell, and a catalogue of all such stars 
now known is in preparation. The complexity of the spectra of certain 
stars of this type and their remarkable variations are well illustrated by 
Merrill’s detailed study of H.D. 50138. The spectrum of P Cygni has been 
photographed by AdamB and Dunham with the 15-foot coud& spectrograph 
and shows double absorption lines of hydrogen, as well as other interesting 
details of structure. 

Spectrograms in the yellow and red regions have been studied by Merrill 
with especial reference to the detached D lines of sodium, Ha, the forbidden 
On multiplet near A7325, and the oxygen and ionized calcium triplets 
farther to the red. Miss Burwell finds a marked absolute-magnitude effect 
for the red neutral calcium lines near A 6100, and Sanford is utilizing this 
region in his work on N-type spectra. 
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The three-prism spectrograph has been used by Adams and Joy in 
further investigations of the H and K lines in late-type spectra. Bright 
lines have been discovered in several additional stars, and especial atten¬ 
tion is being given to their relative behavior in giants and dwarfs. 

Humason has completed the observations required for the spectral clas¬ 
sification of faint stars in the Selected Areas, and about 90 per cent of the 
stars have been classified. Ten or more stars fainter than photographic 
magnitude 11.0 are included in each of 115 Areas; the total classified will 
be approximately 3000. Dunham has developed a useful method for stan¬ 
dardising stellar spectra in which the intensity of the standardizing spec¬ 
trum varies logarithmically in a direction perpendicular to the dispersion. 
The method has been applied to many of the stellar spectrograms and is 
being used to measure the contours of absorption lines traced with a Zeiss 
microphotometer. Dunham has also investigated extensively the Eberhard 
effect and the influence of plate-grain on the micro-photometer tracings. 

Smith has devised a method for observing radiometer deflections from 
stellar spectra which increases greatly the precision. Light from a slightly 
overdamped radiometer is brought to focus on a photographic film, the 
intensity being such that a relatively long exposure is required to record 
an image. The wandering of the spot of light due to Brownian movement 
is thus averaged out, and the image represents with high accuracy the mean 
position of the spot. The method has been used successfully at the coude 
focus of the 60-inch reflector. 

Spectroscopic absolute magnitudes for about 1500 giant stars of types 
GO to K5 have been determined by Adams from new reduction tables based 
upon recent determinations of mean absolute magnitude. A comparison 
with Stromberg’s values and with mean trigonometric results shows differ¬ 
ences of the order of 0.1 mag. Stromberg has completed for types A2 to 
M his computations of the distribution of absolute magnitudes based on the 
distributions of peculiar and parallactic motions and of radial velocities 
among stars brighter than 6.0. The striking features of his results are the 
existence of clearly separated supergiants in all types, and the great con¬ 
centration of normal giants within narrow limits of absolute magnitude, 
especially among stars of types G, K and M. 

In the Physical Laboratory King has completed a preliminary spectro¬ 
scopic survey of 13 of the rare-earths and in nine cases has carried out a 
temperature classification. Many new lines have been measured in the 
spectra of ytterbium and lutecium, and further work has been done on 
neodymium and samarium. The more prominent lines of the very rare 
element thulium have been identified. Fully half of the lines of lutecium 
have hyperfine structure, a feature shown by King to occur in the spectra 
of all rare earths of odd atomic number, with the possible exception of 
thulium. Columbium has been studied extensively in cooperation with Dr. 
Meggers, with especial view to a term analysis of the spectrum. King has 
recently succeeded in obtaining in the electric furnace a considerable num¬ 
ber of the lines of tungsten, the most refractory metal known. 

Anderson is using the large condenser to study quantitatively the energy 
distribution in {he continuous spectrum given by a high-current vacuum 
tube of fused silica. Spectral changes during the discharge are recorded 
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with a rotating-mirror camera, and the energy is measured with a vacuum 
thermocouple at the focus of a quartz monochromator. The large con¬ 
denser was also used by Dr. Takamine in an attempt to produce the Balmer 
lines of hydrogen in absorption by passing white light through a suitably 
excited hydrogen-neon tube. Only the first five members of the Balmer 
series were obtained, and these were abnormally wide. 

Further studies by Babcock of the atmospheric band spectra of the 
isotopes of oxygen give results of especial interest as bearing on the “pack¬ 
ing effect/' or the difference between the mass of an atomic nucleus and the 
sum of the masses of its constituent alpha-particles and protons, which in 
turn provides an independent test of Einstein’s fundamental equation con¬ 
necting mass and energy. Babcock and Birge have found that when O 18 is 
taken as 16 exactly, the mass of O 18 is 18.0065, with a probable error of 1 
in 100,000. The mass of O 17 , although subject to a large probable error, 
can also be used to test Einstein’s equation. The relative proportions of 
O 18 , O 17 and O 18 which enter into the mixture usually called oxygen are 
under investigation. 

Other laboratory investigations have included tests of photochemical 
cells by Smith, who finds their fluctuations too erratic and their sensitivity 
in general too low for astronomical use; further trials by Anderson of a 
cylindrical lens in a microscope to reduce the effect of plate grain, which 
show the method to be most useful in the case of emission lines, but of 
doubtful value for absorption spectra on account of the production of 
spurious lines from silver grains; the successful use by Pettit of a simple 
convex cylindrical lens behind the slit of a concave-grating spectrograph 
to eliminate astigmatism; and tests of numerous photographic emulsions by 
Dunham, who has developed methods for defining the characteristics of 
plates most useful in practical work. 

Several improvements have been made in the large ruling machine, in¬ 
cluding a new diamond carriage of light construction. All the 4-inch and 
6-inch gratings ruled during the year have been of a quality suitable for 
observing, and a few give nearly theoretical resolving power. The design 
of the new machine of medium size is completed, and construction is well 
advanced. 

Measurements of the velocity of light through the one-mile pipe line, 
with the air-pressure reduced to about 2 mm. over the path traversed by the 
light, have been continued by Pease and Pearson since Dr. Michelson’s death 
early in May. The base-line was measured with a remarkable degree of 
precision by Commander Gamer of the U. S. Coast and Geodetic Survey. 
Thus far five sets of observations have been made, each consisting of 60 or 
more groups of 20 micrometer readings each. The first two sets are of low 
weight because of a slight drift in the image, and one .of these gives a 
systematically low value. The other four sets are, however, closely 
accordant. • 


OBSERVING CONDITIONS 

Observing conditions during the year were well above the normal of 
those recorded during the last 19 years. Solar observations were made on 
302 days and stellar observations on 298 nights. The 60-inch reflector was 
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in use during 2454 hours as compared with an average of 2260 hours, or 
during nearly 70 per cent of the total estimated hours of darkness. 

In contrast to the preceding season, the winter was mild and the total 
snowfall was only 19 inches. Much of the precipitation, which amounted 
to 27.62 inches for the year, about 3.5 inches below the normal, occurred 
during a few storms. A single rainstorm near the end of April gave a 
precipitation of 7.9 inches. The highest temperature during the year was 
92° F. on August 29, 1930, and the lowest 24° F. on January 6, 1931. 
Meteorological records for the use of the Weather Bureau have been main¬ 
tained regularly, and additional observations have been made during cer¬ 
tain hours of the day and night to assist in the operation of the air-mail 
service. 

The accompanying table compiled from the records of the 60-inch tele¬ 
scope gives the observational data for this instrument throughout the 
months of the year. 


Month 

Hours of 
darkness 

Hours of 
obser¬ 
vation 

No. 

obser¬ 

vations 

Observations 

All 

night 

Part of 
night 

None 

1930: 






SS 

July. 

255 

221 

34 

26 

4 


August. 

269 

261 

8 

30 


^^Sj^S 

September. 

295 

201 

94 

23 

.. 


October. 

336 

247 

89 

23 

3 

■ 

November. 

330 

200 

130 

16 

6 


December. 

346 

275 

71 

24 

3 

IS 

1931: 






sis 

January. 

346 

144 

202 

9 

10 


February. 

308 

116 

192 


8 

Si 

March. 

324 

231 

93 


9 


April. 

286 

193 

93 


12 

5 

May. 

266 

207 

59 


7 

2 

June. 

230 

158 

72 


8 

5 

Total. 

3591 

2454 

1137 

228 

70 

67 

Mean 19 years. 

2260 

1334 

196 

90 

79 


Public use of the 60-inch telescope for visual observations has been con¬ 
tinued on Friday evenings throughout the year, and there has been a large 
increase in the number of visitors to Mount Wilson on these evenings. 
More than 8200 persons used the instrument during the year, among whom 
were many high school and college students. Mr. W. P. Hoge has given 
the public lectures on these occasions and has supervised the observations 
with the telescope. 

The 100-inch telescope was made available for visual use by the mem¬ 
bers of the National Academy of Sciences at the time of their meeting in 
October 1930, and also for the astronomers attending the meeting of the 
American Association for the Advancement of Science in June of the present 
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year. This instrument and the exhibit of astronomical photographs are 
open daily to inspection by the public, and many thousands of visitors have 
availed themselves of the opportunity. 

SOLAR RESEARCH 

Sun-spot activity showed a marked decrease in 1930 and the first half 
of 1931 as compared with that of the two preceding years. The classifi¬ 
cation of all sun-spot groups and the daily measurement of the polarity 
and intensity of their magnetic fields have been continued with the 75-foot 
spectrograph at the 150-foot tower telescope. Regular observations have 
been made with the spectroheliograph at the 60-foot tower telescope, sup¬ 
plemented by visual observations with the spectrohelioscope on Mount 
Wilson and with those at the Physical Laboratory and the Solar Labora¬ 
tory in Pasadena. Daily measurements of the ultra-violet radiation of 
the sun have also been made, and the spectral distribution of energy from 
different portions of the solar disk has been studied. Continuous records 
of the variations in the declination and in the horizontal intensity of the 
earth’s magnetic field have been obtained throughout the year. 

Spectroscopic investigations have included further work on the infra-red 
spectrum of the sun; measurements of the solar rotation and the displace¬ 
ments of lines at the center and limb of the sun; researches on the Zeeman 
effect and the wave-lengths and identification of lines in sun-spot spectra; 
and several studies of the contours and intensities of groups of lines in the 
solar spectrum. Especial attention has been given to the investigation of 
certain of the molecular band spectra. 

SOLAR PHOTOGRAPHY 

Direct photographs of the sun were made at the 60-foot tower telescope 
on 302 days between July 1, 1930, and June 30, 1931, by the solar ob¬ 
servers, Ellerman, Hickox, Nicholson and Richardson. The following spec- 
troheliograms have been obtained at the same telescope with the 13-foot 
spectroheliograph: 

Ha image 311, Prominences in K light 348 

K 2 image 300, Sun-spot groups, etc., in Ha light 93 

Spectroheliograms have been sent regularly to the Kodaikanal Observa¬ 
tory in accordance with the plan for cooperative investigations of solar 
activity, and special series of photographs have been forwarded to Meudon 
and other observatories as requested. 

SUN-SPOT ACTIVITY 

Solar observations were made at Mount Wilson on 316 days during the 
calendar year 1930. Spots were present on all these days except December 
8,1930, when none could be seen. The monthly means of the numbers of 
groups observed daily are as follows: • 

The present phase of the sun-spot cycle may be ascertained approxi¬ 
mately by comparing the total number of groups observed last year with 
those observed in previous years. The total number of sun-spot groups 
observed each year since 1890 is given below, arranged in columns accord¬ 
ing to the spot cycle. The year 1930 apparently occupies a position in the 
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Month 

Daily number 

1929 

1930 

1931 

January. 

5.2 

mm 

1.8 

February.... 

5.9 

■Zfl 


March. 


■tfl 


April. 


4.0 

3.8 

May. 

5.4 

3.3 

2.7 

June. 

8.0 

3.3 

1.4 


Month 


Daily number 

1929 

1930 

7.0 

2.7 

6.7 

2.7 

4.1 

3.6 

3.9 

3.0 

6.4 

3.2 

11.4 

2.9 

6 0 

3.8 


July. 

August. 

September. 

Ootober. 

November. 

December. 

Yearly average. 


present cycle somewhat earlier than that of 1920 in the last cycle, which 
was three years after maximum and three years before the following 
minimum. 


Year 

No. of 
groups 

Year 

No. of 
groups 

Year 

No. of 
groups 

Year 

No. of 
groups 

1890.... 

55 

1902 

35 

1914 

82 

1924 

87 

1891.... 

218 

1903 

145 

1915 

182 

1925 

291 

1892.... 

417 

1904 

275 

1916 

340 

1926 

373 

1893.... 

540 

1905 

352 

1917 

450 

1927 

424 

1894.... 

506 

1906 

296 

1918 

395 

1928 

362 

1895.... 

429 

1907 

270 

1919 

295 

1929 

346 

1896.... 

239 

1908 

260 


168 

1930 

221 

1897... 

185 

1909 

204 

1921 

140 



1898.... 

! 154 

1910 

123 

1922 

78 



1899.... 

78 

1911 

56 

1923 

37 



1900.... 

i 48 

1912 

32 





1901.... 

15 

i 

1913 

14 






The number of groups in the northern hemisphere decreased from 174 
in 1929 to 124 in 1930, and in the southern hemisphere from 172 in 1929 to 
97 in 1930. The mean distance of the spot zones from the equator de¬ 
creased from 11?1 in 1929 to 10?4 in 1930. These decreases are charac¬ 
teristic of this phase of the sun-spot cycle. 

In cooperation with the Perkins, Yerkes and Harvard Observatories, 
Mount Wilson has supplied observations on 34 days to supplement the 
records of areas and positions of sun-spots published by the Naval Observa¬ 
tory in the Monthly Weather Review. 

Character figures which serve as an index of solar activity have been 
sent regularly to Zurich in accordance with the plan formulated by the 
Solar Physics Committee of the International Astronomical Union. Esti¬ 
mates for the calcium flocculi have been made on 282 days and for hydro¬ 
gen flocculi on 274 days. This series of character figures was begun in 
January 1928, but the Solar Physics Committee plans to extend the series 
as far back as the contributing observatories have spectroheliograms avail¬ 
able. The character figures from Mount Wilson for the five years 1923- 
1927 inclusive Have been completed and forwarded to Zurich. Estimates 
of the calcium flocculi were made for 1355 days and of hydrogen for 1249 
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days during this interval. The solar character figures, a similar index for 
the terrestrial magnetic activity, and the number of sun-spot groups ob¬ 
served daily are published regularly in Terrestrial Magnetism and Atmos¬ 
pheric Electricity. 

The numbers of sun-spots and spot groups observed at Mount Wilson 
have been communicated daily to Science Service in Washington, D. C., 
which, in cooperation with the American Section of the International 
Scientific Radio Union, broadcasts them daily with other cosmic data. 

SUN-SPOT POLARITIES 

Records of the direction of polarity and the intensity of the magnetic 
field in sun-spots were made on 289 days in 1930, with the results indi¬ 
cated in the accompanying table. “Regular” groups in the northern 
hemisphere have S (south-seeking), or negative, polarity for the preceding 
spots, and N polarity for the following spots, while in the southern hemi¬ 
sphere the reverse is true. Complex groups, unipolar spots for which there 
was no indication whether they were preceding or following members of a 
group, and all groups for which the polarity observations were incomplete 
are given in the last column. 


Hemisphere 

Polarity 

Regular 

Irregular 

Unclassified 

North. 

98 

8 

18 

South. 

78 

5 

14 

Whole Sun... 

176 

13 

32 

Total. 


221 

.. . 


Two small bipolar groups which had polarities opposite to those of the 
present cycle were observed in high latitudes, one in April at +28°, the 
other in November at —26°. The first spots of the next cycle will be 
characterized by high latitudes and polarities like those of these groups, 
but the phase of this cycle is hardly far enough advanced to allow of call¬ 
ing them forerunners of the next spot cycle. 

THE SPECTROHELIOSCOPB 

The further development of cooperative research with the spectrohelio- 
scope has occupied much of Hale’s time during the year. The first two 
articles in his series on The Spectrohelioacope and its Work were mentioned 
in the last Annual Report. Part III, Solar Eruptions and. their Apparent 
Terrestrial Effects, and Part IV, Methods of Recording Observations, have 
since been completed. The last-named paper contains a description of a* 
photographic attachment for the standard spectrohelioscope, built and 
tested in the Solar Laboratory during the year. This enables the instru¬ 
ment to be instantly transformed into a spectroheliograph, thus permitting 
active phenomena in the solar atmosphere to be photographed with any 
part of the Ha line as soon as they have been detected and analyzed 
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visually. A rapid means of velocity analysis, which is a prime requisite in 
studying and recording such phenomena, is afforded by the spectrohelioscope. 

In cooperative work this instrument can be used most advantageously 
lor the detection and study of those sudden eruptions near the sun’s central 
meridian which are generally regarded as the cause of bright auroras and 
terrestrial magnetic storms. As stated in the last Annual Report, a chain of 
spectrohelioscopes at stations well distributed around the earth is needed 
for an adequate investigation of this problem, and much progress has been 
made in securing the cooperation of observers for this purpose. Twenty- 
five standard spectrohelioscopes have now been ordered for various obser¬ 
vatories, and in most cases the instruments have already been installed. 
Much valuable work has been done with some of these spectrohelioscopes, 
and it is hoped that most of them may soon be employed in a cooperative 
plan under the auspices of the International Astronomical Union. 

Several amateur astronomers are also building ccelostat telescopes and 
spectrohelioscopes, but others have expressed a wish for even simpler ap¬ 
paratus. Hale has accordingly designed a very inexpensive outfit, which 
can be made without machine tools. This consists of a small ccelostat 
telescope and spectroheliograph for photography of the solar atmosphere 
with the calcium line K. One of these instruments, built by Hitchcock at 
the Solar Laboratory, gives images adequate to show eruptions on the 
disk. In addition to institutions previously listed, the following are adding 
spectrohelioscopes to their equipment: Solar Physics Observatory, Cam¬ 
bridge, England; Federal Observatory, Zurich, Switzerland; Solar Physics 
Observatory, Kodaikanal, South India; Department of Terrestrial Magne¬ 
tism of the Carnegie Institution of Washington at Watheroo, Australia, 
and Huancayo, Peru; Dominion Observatory, Wellington, New Zealand; 
Griffith Planetarium, Los Angeles; Bell Telephone Laboratories, New York; 
Massachusetts Institute of Technology, Cambridge; the Franklin Institute, 
Philadelphia; and the private observatory of G. W. Cook, Wynnewood. 
Montgomery County, Pennsylvania. 

SOLAR PROMINENCES 

During August, Pettit spent three weeks at the Yerkes Observatory 
photographing prominences with the Rumford spectroheliograph. One 
eruptive prominence yielded a velocity-curve which corroborated previous 
observations, showing the motion to be uniform, with an occasional sudden 
increase, as if suddenly accelerated. A disturbed prominence studied with 
exposures at intervals of five minutes over a period of several hours showed 
occasional wave-like filaments, the first of the kind thus far observed with 
the Rumford spectroheliograph. A large quiescent prominence was ob¬ 
served with exposures at short intervals to study the internal motions. 
These plates were measured on the blink comparator by Miss Ware. The 
plots show interesting internal motions demonstrating turbulence in promi¬ 
nences. 

During the fall and winter a systematic comparison of prominences in 
the light of Ho and K, was undertaken. A spectrohelioscope with a 6-inch 
grating mounted in the Littrow form in the Pasadena Laboratory was used 
with a 6-inch projecting lens of 30 feet focal length to form an image of 
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the sun. Drawings of prominences made with this instrument were after¬ 
ward compared with spectroheliograms in K 2 light made simultaneously 
on Mount Wilson in accordance with plans arranged by telephone. So far 
only quiescent and active prominences have been obtained. These show 
the same form, even in many of the details, thus indicating a fairly thorough 
mixture of the atoms of hydrogen emitting Ha and of calcium emitting K f . 
Such exceptions as occur seem to be confined to the streamers. These are 
very prominent in active prominences in K 2 and often appear as broad 
ribbons pouring into areas of attraction on the chromosphere, while in Ha 
they appear as thin lines or not at all. The same difference was noted in a 
cloud-like form driven away from an active prominence. This behavior 
might be interpreted as indicating the electrical nature of prominences and 
of the areas of attraction, a result perhaps to be expected since the ionized 
calcium atom emitting K 2 has an external electrical field, while the neutral 
hydrogen atom emitting Ha has no such field. It is not impossible that the 
spread of light in the spectrohelioscope so far reduces the intensity that 
these comparisons are not conclusive. It is expected that they will be 
checked in the near future by observations made with the visual spectro¬ 
scope and spectroheliograph at the Yerkes Observatory. An examination 
of Fenyi’s daily charts of prominences observed with a visual spectroscope 
at the Haynald Observatory shows, however, that streamers of the kind 
here studied are infrequent, and this fact confirms the observations with the 
spectrohelioscope. 

HEIGHT OF THE CHROMOSPHERE IN H a 

Because of the added thickness of the chromosphere, the radius of the 
solar image as seen in the spectrohelioscope in the center of the Ha line is 
greater than that seen in light just off the line. Hence it is possible to 
measure the thickness of the chromosphere by measuring the change in 
the radius of the sun as the line-shifter is used to move the line off and on 
the second slit of the spectrohelioscope. Pettit has used a projecting sys¬ 
tem in front of the second slit to form a solar image in the field of a 
filar micrometer. Fine guiding in right ascension was done by tilting a 
plane parallel plate placed in front of the first slit. The change in diameter 
of the image was measured directly with the micrometer as the line, cen¬ 
tered on the second slit, was quickly shifted back and forth. Several 
measures made in March and April under good conditions of seeing gave 
a value of 8000 km. for the height of the chromosphere at that time. 

ULTRA-VIOLET SOLAR RADIATION 

Measurements of the ratio of ultra-violet solar radiation at A 0.32 p to 
green radiation at A 0.60 /* have been continued by Pettit, who has now com¬ 
pleted seven years of observations. Although considerable correlation 
with the fluctuations of sun-spot numbers was noted, the two curves ran 
counter to each other during the year June 1928 to June 1929. The highest 
monthly averages were 1.67 in November 1926, 1.61 in February and April 
1927, and 1.62 in January 1930. The lowest values were 1.00 m June 
1924, 1.12 in September 1928, 1.10 in July 1930, and 1.00 in May 1931. 
The monthly average is now at its lowest point since 1924 and has the 
same value as at the beginning of the observations. 
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Were we to attribute the observed variation to a temperature change in 
the sun, a range of nearly 1000° would be required, in case the energy- 
curve behaves like that of a black body. It is possible that some atmos¬ 
pheric variant like the white haze which often appears toward noon on 
Mount Wilson may contribute largely to the observed variations and may 
itself in turn be controlled by ultra-violet light from the sun. The general 
effects of the atmosphere, and of ozone in particular, have been investigated, 
but so far without affording any explanation of the observed variation. 

ENERGY-CURVE OR THE SUN IN THE ULTRA-VIOLET 

The energy-curve of the sun in the ultra-violet was measured by Pettit 
at the Research Laboratory of the Desert Sanatorium at Tucson, Arizona, 
in May 1931. The 12-inch stellite siderostat of this Laboratory was used 
to feed sunlight into a pair of Bausch and Lomb quartz monochromators 
having a common straight slit, the first acting as a filter to eliminate scat¬ 
tered light from the second. The vacuum thermopile was used to measure 
the radiation between A 0.7 n and A 0.30 n, and a quartz photoelectric cell 
that between A 0.292 p and A 0.325 p. The coefficients of atmospheric absoip- 
tion were obtained by successive measurements at various zenith distances. 
Measurements of radiation from the center of the disk were made with a 
12-inch fused quartz projecting lens of 6 feet focal length belonging to the 
Laboratory. One of the interesting results of these measurements is that 
the solar energy between A 0.385 /* and A 0.325 p is nearly constant, the rapid 
fall observed at the earth’s surface being due mostly to the rapid increase 
in atmospheric scattering toward the violet. The energy-curve may be 
described briefly as follows: From the maximum at approximately A 0.47 /t, 
the energy gradually falls to about 80 per cent at A 0.4 /*, from which it 
drops suddenly to 45 per cent at A 0.38 >*. It then falls gradually with small 
variations to 44 per cent at A 0.325 p, from which it falls rapidly to about 
20 per cent at A 0.30 /t. The energy-curve for the center of the disk follows 
closely that of integrated light down to A 0.325 p, but, for some reason not yet 
explained, it falls below that of integrated light for shorter wave-lengths. 

SOLAR ROTATION 

It has become increasingly evident that the rotation of the sun as de¬ 
termined from spectroscopic observations of the reversing layer is not 
constant. Observations by Halm at Edinburgh and Adams at Mount 
Wilson gave a velocity of 2.07 km./sec. and a minimum period of 24.75 days 
for 1905.5, while a smaller velocity was indicated by observations at Ot¬ 
tawa, Allegheny and Kodaikanal for the epoch of 1912. In 1914 a pro¬ 
gram of observations with the 75-foot spectrograph was begun at Mount 
Wilson by St. John and Miss Ware in which the instrumental equipment 
should remain the same for at least one sun-spot cycle. During twelve 
years the linear velocity decreased consistently from the value previously 
indicated. For the ten years 1919-1929 the linear velocity averaged 1.90 
km./sec., and the period two days longer than in 1905.5. Since 1928 the 
linear velocity has slowly increased, while the period has decreased by 0.6 
day. On the other hand, the velocity derived from long-lived spots has 
remained practically constant at 2-02 km./sec. for the last thirty years. 
The lower reversing layer is 200 to 500 km. above the photosphere (level 



MOUNT WILSON OBSERVATORY 


191 


of spots). In 1905.5 its linear velocity was 0.06 km./sec. greater than that 
of the photosphere, and in 1918, 0.10 km./sec. lees, thus indicating a 
streaming of the lower reversing layer relative to the photosphere from east 
to west during the spot cycle 1901-1912 and from west to east during the 
following cycle. If connected with the direction of whirl in the spot-form¬ 
ing vortex, this systematic difference would indicate a counter-clockwise 
rotation of the vortex in the northern hemisphere during the cycle 1901-1913 
and a clockwise rotation during the following cycle. For the cycle begin¬ 
ning in 1923, the linear velocity of the reversing layer might have been 
expected to increase, and apparently it has increased; but whether it will 
continue to do so remains to be determined. A correlation between linear 
velocity of the reversing layer and direction of whirl in the spot-forming 
vortex would be of great interest in its bearing on the sign of the charge 
in the spot vortex. 

The linear velocity of the high-level chromosphere (Ha) follows, in a 
lessened degree, the changes in the reversing layer. For Ha Adams found 
2.11 km./sec. in 1907; the Mount Wilson observations for epoch 1919 gave 
2.00. Evershed obtained 2.07 km./sec. in 1923, and Abetti and Novakova 
2.07 in 1929. 

It is evident that the changes in the observed rotation of the reversing 
layer are not correlated with a single spot cycle, but may be related to the 
double cycle. 

INFRA-RED SOLAR SPECTRUM 

Babcock has continued his investigation of the solar spectrum between 
A 7330 and A11634, giving especial attention to the fixing of the scale of 
wave-lengths by means of overlapping spectra observed with the 21-foot 
concave-grating spectrograph. Photographs supplementng the Pasadena 
observations over a portion of the region have been obtained by Babcock 
and Dr. Duncan with the Snow telescope and 30-foot spectrograph on 
Mount Wilson. These have proved especially useful in the separation of 
solar from telluric lines through the effects of solar rotation. Measure¬ 
ments have been nearly completed for the region A 7330 to A 9100 and are 
satisfactorily accordant. As indicating the detail shown on the photo¬ 
graphs, it is of interest to note that the most recent bolometric measure¬ 
ments of the water-vapor band at A11300 show only 50 lines in a region 
where 150 lines have been measured on the spectrograms. 

FAINTEST LINES LISTED IN ROWLAND’8 TABLE OF THE SOLAR SPECTRUM 

It has often been remarked that in spite of improvements in photographic 
materials, modern instruments fail to show many of the weakest lines 
listed in the Rowland Table. It has been possible for Babcock to study 
during the past year a few spectrograms made by Jewell with Rowland's 
apparatus, following the same technique that was used in preparing the 
Table, although these plates are probably not among those actually used* 
for the Table. We are indebted to Dr. C. E. K. Mees, Director of the 
Eastman Laboratory, for the privilege of woiking with these plates. Al¬ 
though our examination of them is not complete, we find in selected regions 
that they do not show as many lines as are visible on the best plates made 
at Mount Wilson, and that many of the tabulated lines are too uncertain 
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for measurement. A count by Hoge of all tbe lines listed with intensity 
—3 in Rowland’s Table gives a total of 4709. Of these 19 per cent are 
identified without question in the Revision of Rowland’s Table, and 10 per 
cent are identified with question. In view of this comparison of old and 
modern solar spectrograms, it is possible that many of the remaining two- 
thirds of these lines may be illusory. 

BANDS IN THE SOLAR SPECTRUM 

Dr. Russell has commenced a study of the dissociation of molecules in 
solar and stellar atmospheres. The data regarding dissociation potentials 
derived from band spectra, while still scanty, are enough to show that a 
theory can be developed along lines similar to those followed by Milne in 
studying the lines of the elements. The principal qualitative results are 
as follows: ' 

1. The majority of the compounds recognized in the solar atmosphere 
are hydrides, and most of the rest are oxides. This may be attributed to 
the preponderance of hydrogen in the solar atmosphere and the abundance 
of oxygen. 

2. In stars of the G—K—M sequence the cyanogen and hydrocarbon 
(G) bands show a definite maximum of intensity near type G5. This can 
be explained by the fact that CO (which shows no bands in the accessible 
region of the spectrum) is the most firmly bound carbon compound. At 
low temperatures, the equilibrium shifts so that an increasing proportion 
of the carbon goes into this compound, at the expense of CN, CH and C 2 . 
At high temperatures, all the compounds are dissociated. Hence the in¬ 
tensity of the CN and CH bands reaches a maximum, much as in the case 
of a subordinate line of a neutral element. All this happens when there 
is a considerable excess of oxygen above that necessary to combine with 
the carbon. 

3. If carbon is in excess, the C 2 , CN and CH bands should increase 
steadily in strength as the temperature falls, thus fully confirming R. H. 
Curtiss’s explanation of the difference between the M and N stars. 

4. The rapid weakening of the TiO bands with rising stellar temperature 
arises partly from dissociation of the molecules, but also from ionization 
of the metallic atoms. This greatly diminishes the number of neutral atoms, 
which alone can enter into combination with the oxygen. The same explan¬ 
ation applies to the appearance of the bands of MgH, CaH, and A1H in sun¬ 
spots but not in the normal solar spectrum. The non-metals are harder to 
ionize; hence their compounds persist at higher stellar temperatures than 
those of the metals. Only roughly approximate quantitative results can 
yet be obtained. These indicate that the differences in temperature and 
pressure between giant and dwarf stars should affect the dissociation of 
compounds in very much the same way as the ionization of metals, so that 
band spectra in general should show no conspicuous absolute-magnitude 
effects. The sensitiveness of the cyanogen bands to absolute magnitude is 
not yet accounted for. For stars with a large excess of oxygen the com¬ 
puted maximum intensity of the CN bands falls at about the right tem¬ 
perature. The absolute intensities of the band lines in the solar and spot 
spectra are of the order of magnitude theoretically to be expected. 
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An investigation is being made by Richardson of the wave-lengths and 
intensities of lines in the hydrocarbon (CH) bands in the solar spectrum. 
The lines in the CH band at A 4300 (Fraunhofer's band G) are of sufficient 
strength to enable their intensities to be measured from microphotometer 
tracings. From these intensities it is expected that a much more accurate 
determination of the temperature of the reversing layer can be made than 
that obtained from the A 5165 Swan band, which is very weak in the spec¬ 
trum of the disk. The line-intensities should also reveal any noticeable 
deviation from thermal equilibrium for molecules, if such exists. 

Three new CH bands have been identified in the disk spectrum: at 
A 3900, at A 3143, and the Raffety band at A 4050. Twenty-four lines in the 
table of the strongest unidentified solar lines in the Revised Rowland Table 
can be attributed to these new CH bands with an average difference in 
wave-length of 0.007 A. 

SPECTROPHOTO METRIC OBSERVATIONS OP SOLAR LINES 

During his stay at the Observatory, Mr. Woolley carried on several in¬ 
vestigations of the intensities and contours of solar spectrum lines with the 
large registering microphotometer. In the first of these the widths of the 
lines in a titanium multiplet were measured and compared with the theo¬ 
retical intensities given by the quantum theory, which are themselves in 
agreement with the observations of laboratory emission spectra. A marked 
divergence was found in the solar spectrum, the weaker lines appearing 
with relatively greater intensity than theory would allow. A survey was 
then made of all the solar spectrum lines in the region A 4500— A 4600 with 
Rowland intensities 1 or greater. When these are grouped according to 
Rowland intensities, the square of the mean width, which gives the number 
of atoms concerned in the formation of the line, shows a similar marked 
divergence from the values found by Russell and Adams, who calibrated 
the Rowland intensities on the basis of theoretical multiplet intensities. 
The conclusion is that multiplet intensities in the solar spectrum differ 
widely from intensities in emission spectra, the weaker lines being rela¬ 
tively of greater strength. 

Mr. Woolley has given further consideration to possible explanations of 
this discordance in the case of weak solar spectrum lines and has discussed 
the legitimacy of inferring the number of atoms from observations of line- 
width or of equivalent breadth. He has calculated the effect on the ob¬ 
servations of finite resolving power and of the widening of lines by the 
Doppler effect and concludes that neither cause can affect seriously deduc¬ 
tions from measurements of lines whose Rowland intensity is greater than 
2. The possibility of a failure in the postulate underlying Unsold's 
method for determining the number of atoms that perform the transitions 
in the formation of a weak line from measurements of its width or equiva¬ 
lent breadth is considered, and the theoretical possibility of such an effect 
is suggested. An observational test of the widths of the oxygen lines in * 
the B band of the solar spectrum at different solar zenith distances shows 
a definite departure from Unsold’s formula. Instead of being proportional 
to the one-half power of the number of atoms, the widths, according to these 
observations, are approximately proportional to the three-eighths power. 

St John is continuing an investigation on a selected list of lines of widely 
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different intensities in several regions of the solar spectrum, measuring the 
total absorption in all cases and the contours wherever possible. The most 
important result so far found, which is well illustrated by the iron multi- 
plet A 5269—A 5506, is the relatively great intensity of the theoretically 
weak lines of the side diagonals in the multiplets. This also raises the 
question whether the Fraunhofer lines follow the same intensity laws as 
emission lines. 

Dunham has used an auxiliary grating spectrograph as a monochromator 
with the 75-foot spectrograph in photographing solar absorption lines. A 
region of the spectrum two angstroms in length can be isolated conveniently, 
and practically all the errors introduced by ghosts and scattered light 
into the measurement of contours of absorption lines are eliminated. Sev¬ 
eral methods of correcting for the finite resolving power of the instrument 
have been studied. ' 

SPECTRUM OP SUN-SPOTS 

Miss Moore, while holding a Lick Observatory Fellowship, spent several 
months at Mount Wilson in a study of the atomic lines in the sun-spot 
spectrum. In connection with this work she re-examined the identifica¬ 
tions of all atomic lines between A 2975 and A 6635 in the spectrum of the 
disk, and between A 3894 and A 6635 in that of the spot. 

Of the faint lines not previously identified, 935 in the spectrum of the 
disk and 21 which appear only in spots have been recognized as faint 
members of multiplets not yet observed in the laboratory but are accurately 
predictable. Among these, 437 are due to Fe, 122 to Cr, 89 to Ni, 73 to Cr+, 
67 to Ti, 50 to Fe+, 43 to Ti+, 21 to Co, 20 to Zn, 12 to V, 8 to V+, 
7 to Sc+, and 7 to Mn. Miss Moore has measured 396 new atomic lines 
which appear only in the spot spectrum and has identified 193 of these. A 
quantitative study of the atmosphere above spots has been made with the 
aid of the calibration of Rowland’s intensity scale. There is good reason 
to believe that the composition of the gases is the same in the spots and 
above the photosphere. The relative numbers of atoms engaged in the 
production of a given spectral line in the two cases will, however, depend, 
first, on the opacity of the gas above the spot, which may permit the light 
to come from greater or less depths; second, on the degree of ionization 
of the element considered; and third, on the excitation potential for the 
line in question. By comparison of lines of different excitation potentials 
belonging to six elements, the temperature of the spots is found to be 
4720° K., that of the photosphere being taken as 5740°. From the relative 
strengths of the arc and enhanced lines of seven elements for which both 
are available, it is found that the effective electron-pressure above the spot 
is 0.60 times that which prevails over the disk. This diminution is due to 
the lower ionization. When the effective amount of absorbing matter per 
unit area was computed (which could be done for 19 elements in the neutral 
and 11 in the ionized state) it was found that this quantity was 1.7 times 
greater above the spot than over the disk, thus indicating increased trans¬ 
parency of the gases. 

The ionization and transparency for a temperature of 4720° can be pre¬ 
dicted with the aid of Russell’s data for the composition of the solar atmos¬ 
phere and Gaunt’s formula for the opacity coefficient. The calculated 
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electron pressure is 0.55 times, and the calculated quantity of material 
1.35 times, that above the disk. In view of the uncertainty of Gaunt’s 
formula, the agreement is quite satisfactory. 

With these data, theoretical intensities for the lines of the spot spectrum 
may be calculated. Computations have been made for a number of the 
most difficult cases (H, 0, Si, Si+, Mg, Mg+), and for all the lines in four 
typical regions in the red, where the difference between the spectra of spot 
and disk is most marked. The computed intensities agree with the ob¬ 
served with an average discordance of ±1 unit of Rowland’s scale, except 
for a few very strong lines and certain lines which are very faint in the 
disk and greatly strengthened in the spot. In both instances errors in the 
Rowland calibration (which is here weakest) may be responsible. Apart 
from this the whole series of differences in intensity between the lines in 
the spectra of the disk and of sun-spots can be accounted for quantitatively 
on a basis of pure thermodynamic theory with but three constants derived 
from observation. 

TIME OF A SOLAS ECLIPSE FROM A SOUND FILM 

The position of the Mount Wilson station for the solar eclipse of April 
28, 1930, at Honey Lake, California, as determined by a careful survey 
with instruments loaned by the astronomical department of the University 
of California, was longitude W 120° 15' 30", latitude N 40° 8' 20", elevation 
4000 feet. 

During the eclipse, moving pictures with sound records were made by the 
Fox Movietone News. This film gives a continuous record of the eclipse 
near totality with 24 pictures per second, and also shows the time-counts 
which were made for the convenience of the observers at ten-second inter¬ 
vals during the minute preceding totality. 

A determination of the time of mid-totality from this film gave 19 h 5 m 
51-4 G.C.T. The predicted time was 19 h 5 m 53-1. The predicted duration 
was 1.4 sec., while the observed value was 1.2 sec. Thus it appears that the 
eclipse occurred 1.7 seconds earlier than predicted and that the duration 
was about 0.2 sec. less. 

LUNAR AND PLANETARY INVESTIGATIONS 

Dr. F. E. Wright, Chairman of the Committee on the Study of the Sur¬ 
face Features of the Moon, spent several weeks on Mount Wilson during 
September and October 1930 in experimental work relating to his proposed 
large-scale photographic map of the moon and other lunar problems. A 
meeting of the Committee was held on Mount Wilson during Dr. Wright’s 
visit. 

Two small houses were constructed north of the 100-inch telescope build¬ 
ing, one containing a powerful light-source, the adjustable frame holding 
the lunar negative, a 15-inch globe coated with magnesia, and the photo¬ 
graphic plate on which the image of the globe is projected. At a distance 
of 135 feet, which is the equivalent focal length of the telescope with which 
the negatives were obtained, is a second building containing the two con¬ 
cave mirrors which reflect the light from the negative to the globe and 
from the globe to the photographic plate. The second mirror may be 



196 


CARNEGIE INSTITUTION OF WASHINGTON 


moved along a track to a distance corresponding to an angle as great as 
12° as seen from the globe. This provides for projection of all the negatives 
on a common line of sight. 

An examination of the projected image on the globe showed remarkably 
fine detail and excellent contrast, but Hie image was in almost constant 
vibration and could not be photographed. This effect was without doubt 
due to the effect of air currents across the beam of light over the long path 
of 540 feet close to the surface of the ground. Accordingly, during the 
present summer the entire path has been enclosed by a long double-walled 
house of simple construction, and it is hoped that with the arrival of Dr. 
Wright successful work may be undertaken on the proposed lunar map. 

Several additional spectrograms of the walls and floors of craters and 
other features of the surface of the moon have been made by Adams with 
the small quartz spectrograph and Wollaston prism. These photographs 
have been standardized and examined with reference to the amount of 
polarized light at different wave-lengths. It is clear that the effect is 
small, and the investigations will be extended farther into the ultra-violet 
where it may be more marked. Microphotometer tracings will be used 
for quantitative measurements of the spectrograms. 

PHOTOGRAPHS OF SATELLITES 

During the opposition of 1930 and 1931, Nicholson secured a number of 
photographs of the faint satellites of Jupiter. The Eighth Satellite, which 
had not been observed since 1923, was found by using an ephemeris com¬ 
municated by Dr. Numerov. 


PLUTO 

Positions of Pluto were obtained by Nicholson and Mayall from plates 
taken on several nights at the 100-inch and 60-inch reflectors. Compari¬ 
sons on a single night with stars of the North Polar Sequence gave pro¬ 
visional values of 15.5 and 14.5 for the photographic and photovisual mag¬ 
nitudes, respectively. 

The orbit of Pluto previously determined by Nicholson and Mayall was 
revised by them to include the perturbations of the other planets and ob¬ 
servations made in 1930 after Pluto’s conjunction with the sun. 

The perturbations of Pluto on Neptune were used by Nicholson and 
Mayall in an attempt to determine Pluto’s mass. The solution based on 
observations since Neptune’s discovery in 1848 is nearly indeterminate. 
The value derived for the mass depends, therefore, on the prediscovery 
position by Lalande in 1795. A least-squares solution for the mass of 
Pluto in units of the earth’s mass, based on both modem observations and 
Lalande’s position, all with equal weight, gave 0.94±0.25. For m = 0 
the residual in Lalande’s observation is —672; for m — 1.5 the residual 
is +375. 

If the mass of Pluto is more than two-thirds that of the earth, its density 
must be higher, or its albedo lower, than any yet determined in the solar 
system. A consideration of its magnitude, therefore, favors values less 
than 0.9, and until further evidence becomes available it may be accepted 
as probable that the mass of Pluto is not greater than two-thirds that of 
the earth. 
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Attempts were made with the 100-inch telescope on several nights to 
ascertain whether Pluto had a visible disk. The image of the planet could 
not be distinguished from that of a star of the same magnitude. As a 
check on the size of disk, which one might expect to see with the 100-inch 
telescope, the satellite of Neptune, an object of the same order of magni¬ 
tude, was also examined. Although nearly a magnitude brighter than 
Pluto, no disk could be seen. If the albedo of the satellite is the same as 
that of Neptune, the disk would be about 073 in diameter. 

NASS OP NEPTUNE'S SATELLITE 

An attempt was made to determine the mass of Neptune’s satellite from 
its perturbations on Neptune. On 14 nights, when Neptune was nearly 
stationary, 27 exposures were made at the 80-foot focus of the 60-inch 
reflector by van Maanen, Willis and Nicholson. The first two observers 
measured the plates differentially on the stereocomparator to determine 
the motion of Neptune. The discussion of this material and a least- 
squares solution for the mass of the satellite was undertaken by Nicholson. 
The ephemeris of Neptune given in the American Ephemeris and Nautical 
Almanac was corrected by means of plates taken in March, May and June 
and used to compute the relative motion of the center of mass of Neptune’s 
system. The differences between the observed motions of Neptune and the 
computed motions of the center of mass were used to compute the mass of 
the satellite. The result from all the measures, expressed in units of the 
earth’s mass, is 0.06±0.024. If two poor plates are omitted, the value is 
0.09±0.026. The mass of the satellite is therefore probably not greater 
than one-tenth or less than four one-hundredths that of the earth. 

The positions of Neptune in right ascension and declination, referred to 
Astrograpkic Catalogue standards, were also determined from several of 
the plates by Nicholson and Miss Richmond. The mean corrections to 
the ephemeris given in the American Ephemeris and Nautical Almanac are 
—173 and +172, respectively. 

TEMPERATURE OF MARS 

Theory shows that the temperature of the sub-solar point on Mars should 
be 27° C. lower at aphelion than at perihelion. Heretofore all measure¬ 
ments of Martian temperature have been made near perihelion. At the 
opposition of 1931, the planet was near aphelion, and Pettit and Nicholson 
attempted observations with the thermocouple. The small apparent diam¬ 
eter of the planet increased the difficulties, but a thermocouple with re¬ 
ceivers 0.1 mm. in diameter was constructed and used successfully with the 
100-inch telescope. The determination of the effective area of the small 
receivers gave some trouble, and seeing conditions proved to be of vital 
importance in the case of the comparison stars used to calibrate the de¬ 
flections; but the results substantially corroborate the theoretical tempera¬ 
ture. A check was obtained by comparing the ratios of the deflections due 
to planetary heat and to reflected light. The ratio at aphelion is the same 
as that found at perihelion, which indicates that the radiated planetary 
heat must vary with the reciprocal square of the radius vector of the 
planet, a result also true for the incident solar radiation which is the 
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basis of the theoretical temperature. It follows that the mean maximum 
temperature on Mars throughout the Martian year is approximately 14° 
C. lower than that based on measurements at perihelion. 

RESEARCHES ON NEBULJE 

DISTRIBUTION 07 NEBUUS 

An investigation by Hubble of the distribution of nebulae based on counts 
of some 20,000 nebulse on 900 plates with the 100-inch and 60-inch reflectors 
scattered over the three-fourths of the sky north of declination —30° has 
been completed. The results may be summarized as follows: 

1. No nebulse are found in low galactic latitudes, and the zone of avoid¬ 

ance 10° to 40° wide appears to represent the distribution of obscuring 
clouds in the galactic system. ' 

2. The zone of avoidance is bordered by partial obscuration which ex¬ 
tends to latitudes ±40° in the general direction of the center of the 
galactic system but is very limited in the direction of the anticenter. 

3. In latitudes greater than ±40° (and less in the direction of the anti- 
center) the distribution is approximately uniform or random with occa¬ 
sional clusters scattered at wide intervals (possibly one cluster per 30 
square degrees). The frequency distribution of the counts from point to 
point in the sky, reduced to an hour’s exposure on Eastman 40 plates with 
the 100-inch telescope, approximates an error-curve with a total range of 
about 1.0 in logN and a probable error of 0.15 for a single plate. The 
mean log N per square degree for exposures of one hour with the 100-inch 
reflector is 2.375. The corresponding value with the 60-inch is 2.036. 

4. In the higher latitudes and for exposures ranging from 20 minutes to 
3 hours, the counts are correlated with the exposure times in a manner 
closely approximating that to be expected on the assumption of uniform 
distribution in depth. The scatter about the correlation-curve decreases as 
the exposures increase. 

5. The limiting photographic magnitude of the counts on exposures of 
one hour with the 100-inch telescope is estimated as 19.8, whence the 
number of nebulae per square degree is 

log N = 0.6 m — 9.5 

This value, combined with —13.8, the value for the absolute magnitude, 
gives a density of one nebula per 6X10 1# cubic parsecs. For a mean mass 
of 5X10* suns, the mean density of nebular matter in the observable region 
of space appears to be of the order of 

5X10 - * 1 gm./c.c. 

In connection with Hubble’s investigation of the Virgo cluster of nebulae, 
Mayall obtained a series of about 50 photographs, each of one hour’s ex¬ 
posure with the 60-inch reflector, using the Ross zero-power correcting lens. 
Counts of nebulaB on these plates indicate the presence of two new clusters 
of faint nebulae, distinct from the larger and brighter cluster superposed 
upon them. Mayall also made a series of photographs with the 10-inch 
photographic telescope covering the region south of the Virgo cluster. Pro¬ 
visional counts indicate another grouping of bright nebulse to the south and 
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east of the main cluster, but further evidence is required to decide whether 
the two groups are distinct. Similar photographs have been made of the 
region between the galactic pole and galactic latitude +75°, but counts of 
the nebulae have not yet been completed. 

A cluster of faint extra-galactic nebulae centered about right ascension 
lO* 23 m , declination +11° 0' (1900) was discovered by Christie on photo¬ 
graphs made by him of the planet Neptune during a search for additional 
satellites. This has proved to be the most distant cluster of nebulae yet 
investigated. Hubble assigns to it a distance of 32 million parsecs, and the 
apparent velocity of the brightest nebula in the cluster as determined by 
Humason is the largest so far observed. More than 300 nebulae are visible 
on the photographs. 

ABSOLUTE MAGNITUDES OP EXTRA-GALACTIC NEBULA 

A review by Hubble of the material previously available, together with 
new data on stars involved in nebulae and Shapley's revision of the zero- 
point of the period-luminosity curve for Cepheids, has led to —13.8 photo¬ 
graphic and —14.9 photovisual as revised values for the mean absolute 
magnitudes of extra-galactic nebulae. The luminosity function approxi¬ 
mates an error-curve with a probable error of the order of 0.8 mag. for a 
single object. 

VELOCITY-DISTANCE RELATION 

In collaboration with Humason, Hubble has reexamined the velocity- 
distance relation. The 85 velocities now available, 32 of which refer to 
nebulae in 8 clusters or groups, extend the range of the relation to about 32 
million parsecs, or 18 times the distance covered by the first formulation. 
The relation, velocity = (distance in parsecs)/1790, remains unchanged- 
except for a revision of the unit of distance. The uncertainty is estimated 
to be of the order of 10 per cent. In addition to its cosmological signifi¬ 
cance, the relation furnishes a method of deriving distances of individual 
isolated nebulae, and hence opens new fields for investigation. 

PROPER MOTIONS MEASURED IN SPIRAL NEBULA 

Reference was made in last year’s Report to the proper motions measured 
by van Maanen for the two spiral nebulae N.G.C. 4051 and 5194. He has 
added results for 10 others from photographs taken at the 80-foot focus of 
the 60-inch reflector. The relative motions have been reduced to absolute 
values by means of Oort’s results for the proper motions of the comparison 
stars. For the 12 nebulae observed, the number of pairs of plates measured 
ranges from 1 to 9, the mean interval in years between the plates from 9.9 
to 14.0, and the galactic latitude from —52° to +89°. The absolute mo¬ 
tions range in right ascension between 07002 and 07014,, and in declination 
between 07000 and 07019. The probable errors are between 07002 and 
07003 for a single pair of plates, and about 07001 when five or more pairs 
are measured. 

When these motions are plotted on a sphere, the remarkable result is 
found that all of these nebul® are apparently moving away from the poles 
of the Milky Way. The alternative explanation of a motion of the com¬ 
parison stars toward the pole seems at present to be excluded. At least the 
faint stars in fields centered on certain Boss stars show no such systematic 
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effect. Willis is investigating this question and has measured 44 fields of 
Boss stars during the year in order to determine the direction and amount 
of the motions of the comparison stars of magnitudes 12 to 15, as well as the 
correction to Boss’s proper motions. 

In one of the spirals, N.G.C. 5457 (Messier 101), van Maanen has been 
able to measure not only the nucleus but 6 points which presumably form 
parts of the nebula. These show a decided internal motion in the same 
direction as was found in* his original measures of this nebula. The mean 
annual rotational component of these 6 points is 07015±0'/003, as compared 
with 07019±07002 from the old measures. The linear displacement on the 
new plates is 0.022 mm. as against 0.004 mm. on the old plates, which were 
taken at the 25-foot focus of the 60-inch reflector with an interval of only 
5 years. < 

NEBULAR SPECTROSCOPY 

During the year Humason has obtained with the 100-inch reflector ap¬ 
parent radial velocities for 15 extra-galactic nebulae. Eleven of these are in 
the Pisces group and in the Cancer, Leo and Coma Berenices clusters. The 
remaining four are isolated nebulae and include N.G.C. 7217, the spectro¬ 
gram for which was obtained by Pease. 

The largest velocity, +19,700 km./sec., is for the brightest nebula in the 
Leo cluster discovered by Christie. Its photographic magnitude, the faintest 
ao far observed, is 16.8±. Hubble estimates the distance of the cluster as 
about 105 million light years. The small dispersion used, 875 angstroms 
per millimeter at A 4350, and the displacement of the H and K lines of 
calcium well toward the region most active photographically made it pos¬ 
sible to photograph the spectrum in 13V2 hours. This observation gives 
striking evidence of the efficiency and power of the 100-inch reflector and 
the short-focus Rayton spectrograph objective. 

Velocities have also been obtained for the nucleus and two emission 
patches in N.G.C. 5457 (Messier 101). These are in fair agreement with 
the +215 km./sec. previously found for the brightest emission patch. The 
mean velocity is now +280 km./sec. 

The problem of the rotation of spiral nebulse is being taken up again by 
Pease, who is using the three-prism spectrograph designed for work in the 
violet portion of the spectrum. As in previous observations, an occulting 
bar with a considerable number of windows is placed in front of the slit to 
provide for the use of a comparison spectrum at points along the diameter 
of the nebula. Measures by Humason of the H and K lines on a spectro¬ 
gram of N.G.C. 4594 taken with this instrument give values for the nucleus 
accordant with earlier observations. 

NEBULAR PHOTOMETRY 

Smith has investigated the possibilities of work on faint nebulse with a 
photo-electric cell. A cell borrowed from Dr. Stebbins showed sufficient 
sensitivity and stability for the purpose. This indicated that the problem 
was not hopeless, provided suitable means could be found for measuring the 
very feeble currents involved. Preliminary experiments with a Hoffman 
electrometer showed promise and suggested certain changes in the moving 
parts of the electrometer, which led to the construction of an extremely 
light moving system having the proper electrical characteristics for the cell. 
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Insulation difficulties and local ionization produced by cosmic rays and 
similar causes were overcome by encasing all important leads in evacuated 
tubes. The instrument is now in satisfactory form and has been installed at 
the coudl focus of the 60-inch telescope. Measures of a number of nebula 
in the Coma cluster ranging from 13.6 to 16.3 show that it should be pos¬ 
sible to make precise determinations of magnitudes and color indices for 
objects as faint as the seventeenth magnitude. Even a nineteenth-magni¬ 
tude object should show a small deflection. 

RELATION BETWEEN SIZE AND SUR7ACE-BRI0HTNESS OF THRESHOLD IMAGES 

An investigation by Hubble of threshold images on photographic plates 
of uniform exposure with the 100-inch and 60-inch reflectors has shown a 
correlation between the diameter and the surface brightness (magnitude 
per square second of arc) of the faintest images perceptible to the eye, with 
or without the aid of magnification. The observations range from the 
smallest focal images photographed under excellent conditions, through 
larger images registered in poor seeing, to extra-focal images of various 
dimensions. 

For the smallest images (0.04 to 0.10 mm.), the perceptibility depends 
almost wholly on total luminosity rather than on surface brightness, i.e., 
the limiting magnitude is essentially independent of the size of image and 
hence of seeing conditions. For images 8 mm. and larger, the perceptibility 
depends essentially on surface brightness rather than on size. The transi¬ 
tion between the two extremes is smooth, and the correlation simulates that 
found in the visual perception of faint luminous sources. The surface 
brightness of threshold images ranges through some four magnitudes as the 
diameters vary from 0.04 mm. to 4 mm. The correlation is important in 
the determination of total magnitudes of faint nebulsB on focal exposures. 
Analogous results are found with smaller cameras (apertures 10, 5 and 2 
inches) having comparable focal ratios. The efficiency appears to increase 
slightly as the apertures decrease. 

DETERMINATION OF THE VELOCITY OF LIGHT FROM EXTRA-GALACTIC 

NEBULAS IN URSA MAJOR 

Stromberg has determined the velocity of light from the cluster of extra- 
galactic nebulae in Ursa Major by finding the difference in the values of the 
aberration coefficient for the nebulae and nearby stars. Comparison of two 
plates taken when the aberration was near maximum and near zero, respec¬ 
tively, gave, for the difference nebulae minus stars, —07006±07050. From 
this the ratio of the velocity of light from the nebulae to that from the stars 
is found to be 0.9997rfc 0.0024. The two velocities are the same within the 
errors of measurement. In spite of having traveled a distance of about 70 
million light-years the velocity of nebular light is not changed. This is in 
accordance with modem theories of light. 

MISCELLANEOUS STELLAR INVESTIGATIONS 
TRIGONOMETRIC PARALLAXES 

In continuation of his work on trigonometric parallaxes, van Maanen has 
obtained 105 plates with 181 exposures at the Newtonian focus of the 
100-inch reflector and 136 plates with 237 exposures at the Cassegrain focus 
of the 60-inch reflector. Nineteen fields have been finished during the year. 
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Most of the observations are on faint stars of large proper motion, six of which 
are found to have absolute photographic magnitudes fainter than +10. 

PROPER MOTIONS 

For the measurement of proper motions, van Maanen has taken 47 plates 
with 49 exposures at the 100-inch reflector, and with the assistance of Willis 
has obtained 180 plates with 266 exposures at the 60-inch reflector. In 
addition, Christie has reobserved several of the Selected Areas in connection 
with van Maanen’s search for very faint stars of large proper motion. The 
results of the measurements during the year by van Maanen and Willis of 
21 Selected Area fields, when added to previous results by van Maanen on 
21 other fields, may be summarized briefly: Among about 60,000 stars 
examined in the 42 Selected Area fields, 122, ranging in magnitude from 
6.7 to 20, are found to have annual motions between 07041 and 07925. 
The percentage of stars having a considerable motion increases from 0.07 in 
galactic regions to 1.02 in high galactic latitudes. The amount of the mean 
motion of the fainter stars decreases with magnitude but seems to be inde¬ 
pendent of galactic latitude. Three methods have been used to determine 
the antapex of the motions, the final result being: A = 6 h 43”; D = —28°. 
The mean parallaxes have been calculated from the peculiar motions for 
groups of different magnitudes and proper motions, and are found to depend 
very little on the magnitude but to be correlated strongly with the proper 
motion. 

MOTION OP A PARTICLE IN A SYSTEM WHOSE DENSITY DECREASES OUTWARD 

Stromberg has studied the types of motion to be expected in a system 
whose density decreases from the center outward. The potential of a particle 
at a distance r from the center was determined for a system having spherical 
symmetry and a density decreasing according to the law <r = a 0 e-* 2r2 . 
A particle in this system having a velocity higher than that of escape 
which passes near the center moves in an orbit similar to a hyperbola, but 
the angle between the asymptotes is much greater for a given distance from 
the center than in the case in which all the attracting mass is concentrated 
in a point. For particles having velocities less than that of escape the 
radius vector has definite maximum and minimum values which do not 
change with time. The angle between these radii lies between 180° and 
90°. For the limit of 180°, hr remains large, and the motion is a Keplerian 
ellipse; for the 90° limit, hr remains small, and the motion is a central 
ellipse. In the general case the orbit is not periodic but consists of a 
number of loops around the center. 

In an extremely flat system the potential for a particle moving in the 
equatorial plane has another form, which can be expressed in Bessel func¬ 
tions. The orbits, however, are of the same general type as for a spherical 
system. (See Publications Astronomical Society of the Pacific, 43 ,263,1931.) 

These results show the types of orbits to be expected for stars moving in 
the galactic system under the gravitational action of the system as a whole. 

8TELLAR PHOTOMETRY 

Seares and Miss Joyner have continued the reductions for photovisual 
magnitudes in 43 of the Selected Areas of Kepteyn. Results for the zones 
at declinations +45°, +30°, 0°, and —15°, including the final zero-point 
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adjustment, are now complete. With the exception of the long-exposure 
plates, the zone at +15° is also finished. 

A discussion of the results for 760 stars in Selected Area 40, near a Cygni, 
extending down to photovisual magnitude 15.7, shows that about one- 
fourth of all these objects are redder than normal M-type stars; of the 150 
stars brighter than 14.0,15 per cent are likewise redder than M-type stars. 
Since the zero-points are checked by three different methods of determina¬ 
tion, a large percentage of the stars certainly have a large color excess. 
This undoubtedly is to be attributed to selective absorption produced by the 
obscuring clouds which are numerous in this part of the sky. Spectra by 
Humason are available for 32 of the stars, mostly brighter than 13.0 photo¬ 
visual. For 18 of these the colors are normal; 3 are doubtful, and 11 show 
a mean color excess of 0.66 mag. The stars of normal color are at a mean 
distance of about 400 parsecs, while those showing selective absorption 
range in distance from 1200 to 2800 parsecs. 

The scale of photovisual magnitudes used in these investigations depends 
partly on the Mount Wilson scale of the Polar Sequence and partly on 
special determinations in each of the Selected Areas. The scale at the Pole 
is now well checked by the extension of the Potsdam visual measures pub¬ 
lished in the Potsdam Polar Catalogue. A detailed comparison of results 
made by Seares, with allowance for color equations, is now in press. Be¬ 
tween the second and twelfth magnitudes, the mean scale difference averages 
0.02 to 0.03 mag., with a total systematic range of about 0.04 mag. The 
comparison also determines the relation of the zero-point of the Potsdam 
catalogues to that of the international system. 

The determination of magnitudes and colors for the southern comparison 
stars of Eros by Seares, Sitterly and Miss Joyner was referred to in last 
year’s Report. Results were obtained for 300 Eros stars (mags. 7-10) and 
74 brighter stars (mags. 5-7). More than a hundred of the stars have also 
been observed by Ross and Zug at the Yerkes Observatory. The two series 
of measures give practically the same relation between spectral types from 
the Draper Catalogue and color index on the international system. The 
colors for F, G and K stars are, however, appreciably less than those found 
by King, Parkhurst and Seares for other, and in general brighter, stars. 
The greater percentage of dwarfs among the Eros stars will account for part 
but not all of the difference. Comparisons with Harvard magnitudes of 
these stars give general indications as to the scale and the color equations 
of Pickering, Wendell and Bailey—data which are essential for the reduc¬ 
tion of the Harvard visual magnitudes to the international system. 

Mayall has measured the magnitudes of the remarkable variable star 
(8 h 10“ 38*, —18° 44'9,1900) recently discovered by van Gent at the Union 
Observatory, which has a period of slightly more than 100 minutes. Pro¬ 
visional results show a range from 14.5 to 15.75 photographic. The photg- 
visual measures are fragmentary, but suggest a maximum of about 14.0. 
The color index at maximum appears therefore to be of the order of -f0.5 
mag. 

Mayall has also made photometric measures of an interesting variable 
(5 1 * 66“ 14*, +89° 88', 1930) discovered by him on a red-sensitive objective- 
prism plate taken with the 10-inch Cooke triplet. Attention was first 
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attracted by the bright Ha line and the practical absence of the violet end 
of the spectrum, which seems to be of type Se. Data from early Harvard 
plates kindly supplied by Dr. Shapley confirm the variability, and, together 
with the Mount Wilson photographs, indicate a period of about 417 days. 
The amplitude of variation is still uncertain, but the photographic range 
is from magnitude 12 to 17 at least. Hough comparisons with neighboring 
Selected Areas on March 23,1931, gave photographic and photovisual mag¬ 
nitudes of 16 and 11, respectively, and the exceptional color index of 5 mags. 

Comparisons with Selected Areas have been made by Hubble and Mayall 
for 8 nebular fields in which standards of brightness were required for 
photometric observations of extra-galactic nebula. 

EFFECT OF ABSORPTION ON THE SPACE DENSITY OF STARS 

Globular clusters and extra-galactic nebula indicate that space outside 
the galactic system is highly transparent. On the other hand, the dark 
clouds scattered along the Milky Way show that the light of great numbers 
of stars must be much reduced in intensity by absorbing material within 
the system. Measures such as those in Selected Area 40 described above, 
and others made at other observatories, show that the absorption, in part at 
least, is selective in character. The effect on photographic and photovisual 
magnitudes will therefore be different. The data are still too fragmentary 
to afford more than general indications as to the amount of the absorption, 
which seems to be appreciable only within a thin stratum close to the Milky 
Way. For the galactic plane itself, Dr. Trumpler’s discussion of open clus¬ 
ters indicates an average effect on photographic light amounting to 0.67 
mag. per 1000 parsecs. If this value is maintained over any considerable 
distance, the effect on the apparent magnitudes of the remote stars will be 
large, and calculations of the space density of stars will be seriously modi¬ 
fied. Seares has investigated the matter with the aid of a general relation 
connecting the true density, the absorption function, and the fictitious 
distribution of density found by ignoring the existence of absorption. Ac¬ 
ceptance of Trumpler’s coefficient means, in general, an increase in the 
true density in all directions outward from the sun. The value at 6000 
parsecs in the direction of the center of the system in Sagittarius would be 
5 or 6 times that near the sun. An increase in this direction, although 
perhaps not of this amount, is rather to be expected. For the opposite 
direction also the results are not wholly decisive; but the three-fold increase 
indicated for directions perpendicular to those toward the center and anti- 
center seems to be wholly inadmissible. The general indications are that 
the absorption is not constant in longitude or for any great distance in the 
galactic plane. This statement refers to the general trend in the average 
values, for the obvious irregularities in the obscuring clouds of course imply 
large local fluctuations in the absorption. 

A NUMERICAL METHOD OF CALCULATING THE SPACE-DENSITY FUNCTION 

None of the formula hitherto used for the space-density function are 
capable of representing the observed data throughout their entire range, 
even when the irregularities of stellar distribution are eliminated by using 
counts of stars averaged over many square degrees; and none of them gives 
even a first approximation to the density distribution of the galactic star 
clouds. To meet this difficulty Seares has developed a numerical solution 
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of the fundamental integral equation which represents all the data satisfac¬ 
torily, even when the density undergoes marked fluctuations. Since the 
method is wholly numerical, no assumption need be made as to the form of 
the luminosity function or of the frequency function for the star counts. 
The method is flexible in that a luminosity function which depends on the 
distance may be used if necessary; further, the effect of absorption is easily 
included in the calculation, provided the absorption function is known. 
Finally, the method is objective in that the calculations show how the 
counts of stars of each apparent magnitude are distributed in distance and 
how the stars fainter than the limit of the counts affect the calculated 
densities. In spite of these advantages, the method does not of course over¬ 
come the inherent uncertainty of the problem arising from the fact that a 
sharp narrow maximum in the density distribution appears in the star 
counts as a very broad flat maximum extending over a range of about 20 
magnitudes in apparent brightness. In general it should be possible to 
locate the beginning of one or more aggregations of stars; but it will be 
difficult to tell what lies beyond—whether a succession of minor clouds or a 
single large cloud. 

STELLAR INTERFEROMETERS 

The difficult work of adjusting and using for measurement the 50-foot 
interferometer has been carried on by Pease from time to time during the 
year, but the demands of other investigations, especially that on the velocity 
of light, have interrupted the regular use of the instrument. Fringes have 
been observed with separations of the mirrors as great as 44 feet, and con¬ 
siderable experience has been gained in the ability to locate the fringes and 
estimate their visibility. Measurements of a Orionis by Pease have given 
an angular diameter of about 0'.'040, and of fi Andromeda, 0"016. 

Attempts were made by Pease and Nicholson to measure the diameter of 
Eros near opposition with the 20-foot interferometer on the 100-inch tele¬ 
scope. Due principally to the faintness of the object, however, no results 
of value were obtained. 

STELLAR SPECTROSCOPY 

A three-prism spectrograph of light flint glass for use in the H and K 
region of the spectrum and near the head of the Balmer series of hydrogen 
lines has been completed and placed in operation during the year. The 
collimator and camera lenses were designed by Ross and have focal lengths 
of 24 and 15 inches, respectively. The instrument is planned for use at the 
Cassegrain focus of either the 60-inch or the 100-inch reflector and operates 
at the focal ratio of 1 to 16. It is attached directly to the plateholder frame, 
and the observer may use either the cross-slides of the plateholder or the 
slow-motion motors of the telescopes for guiding purposes. Provision is 
also made for tilting the spectrograph about a horizontal axis in order to 
leave the field of the telescope free for the identification of faint stars. A 
camera consisting of a Rayton lens with a focal ratio of 0.6 may be used 
interchangeably with the 15-inch camera. The linear scale of the spectro¬ 
grams made with the longer camera is about 17 angstroms to 1 mm. at H 
and K, and the definition is excellent over a long range of spectrum. 

An interesting development in connection with the coud£ spectrograph 
of the 100-inch reflector has been its adaptation for use with a concave 
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grating. The grating is one by Jaoomini with a ruled surface 6X4.5 inches 
and a radius of 80 feet. It gives a remarkably bright spectrum in the first 
order on one side, and the definition is of fair quality, although not excellent, 
the strongest lines of the comparison spectrum showing a fringe on the red 
side. Since the spectrograph is used in the stigmatic form with a 6-inch 
collimating lens of 15 feet focal length, the focal length of the grating is 
also 15 feet. The linear scale on the spectrograms is slightly more than 3.5 
angstroms to the millimeter. Exposure times are only about two-thirds as 
long as with the same spectrograph when the large prism is used, even in the 
region of the spectrum near A 4400 where the linear scale is the same. In 
the violet region the gain is, of course, very much greater. Although the 
spectra obtained with this grating can not be used for quantitative work of 
file highest precision, they are of great value for qualitative studies and the 
resolution of close lines, especially in the violet and red regions. The effi¬ 
ciency of the instrument is so unexpectedly great that it is of the highest 
importance that a first-quality grating be secured for it as soon as possible. 

A second lens of the type designed by Dr. Rayton of the Bausch and 
Lomb Company, with an aperture of 2 inches and a focal length of 1.2 
inches, has been obtained for observations of faint nebular and stellar 
spectra. It may be used either with the small one- and two-prism spectro¬ 
graph employed mainly by Humason, or with the three-prism ultra-violet 
spectrograph already described. In designing this lens Dr. Rayton has 
dispensed with the extra element employed to correct the lens for infinite 
distance of object. 

A plane-grating spectrograph for use at the Cassegrain focus of the 100- 
inch reflector was completed a few years ago and especially during the past 
year has been utilized by Merrill and Sanford in studies of the red and 
infra-red regions of stellar spectra. The optical parts consist of a 2.5-inch 
telephoto collimating lens of 40 inches equivalent focal length, a plane 
grating by Jacomini with 600 lines to the millimeter, and interchangeable 
camera lenses of various focal lengths. The main casting of aluminum alloy 
is supported by a tubular steel frame in such a way as to avoid cramping 
and flexure. The instrument was designed by Nichols and built in our 
instrument shop and has given excellent results with exposures of as much 
as six hours. 

A total of 1054 spectrograms has been obtained during the year with the 
regular one-prism spectrographs at the Cassegrain focus of the two reflec¬ 
tors, 772 with the 60-inch and 282 with the 100-inch telescope. Most of 
the spectrograms taken with the 100-inch reflector are of stars of visual 
magnitudes between 8 and 12. In addition 89 spectrograms of bright stars 
have been obtained with the coude spectrograph and many others with the 
three-prism ultra-violet instrument, the plane-grating and the small spectro¬ 
graphs of low dispersion. The members of the staff who have taken part 
in the observations are Adams, Christie, Dunham, Joy, Mayall, Merrill, 
Sanford and Stromberg. 

RADIAL VELOCITIES 

Observations fqp radial velocity have been continued on selected lists of 
stars, including many from Boss’s Preliminary General Catalogue, the 
Selected Areas, and Russell’s catalogue of dynamical parallaxes; variable 
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stars of different classes; bright-line B stars and many others. The veloci¬ 
ties of about 90 stars have been determined from three or more spectrograms 
in addition to those of several N-type stars observed by Sanford. 

In continuation of his spectroscopic observations of eclipsing variable 
stars, Joy has derived orbits and values of the absolute dimensions for RS 
Canum Venaticorum, TT Aurig® and RT Lacert®, all of which show double 
lines in their spectra. The masses of the components in the case of RS 
Canum Venaticorum are each about 1.8 times that of the sun. The primary 
star has the spectral type F4 and a radius 5.3 times that of the sun, while 
the secondary of type G8 seems to be intermediate in absolute magnitude 
between the giants and the dwarfs and has a radius 1.6 that of the sun. 

Photometric observations of TT Aurig® made at Princeton by Joy and 
discussed by Dr. Sitterly have been combined with the spectroscopic orbits 
to give the absolute dimensions. Both stars have the spectral type B3 and 
are distinctly elongated toward each other. The longer radii in terms of 
the sun’s radius are 4.5 and 4.0, and the masses 6.7 and 5.3 times that of the 
sun. The H and K lines of interstellar calcium show faintly in the spectra 
of both stars, along with the stellar calcium lines. 

The components of RT Lacert® are among the coolest of the eclipsing 
stars, having spectral types G9 and Kl. They are of nearly the same size, 
with radii 5.0 times that of the sun and masses 1.0 and 1.9 that of the 
sun. The star of type G9 has the greater luminosity but the lesser mass, a 
condition previously unknown in stars of this olass. The absolute magni¬ 
tudes of both stars seem to be intermediate between those of giants and 
dwarfs. 

Joy has completed approximate velocity-curves for 10 Cepheids and has 
under investigation the spectra of several variables of the RV Tauri type 
and the peculiar variables UU Herculis and DF Cygni. Sanford is col¬ 
laborating in some of these observations. 

Among the interesting stars showing variable radial velocities which have 
been under investigation by Sanford is AC Herculis with a period of light 
variation of 75 days. The velocity-curve has the same period and shows 
double maxima and minima which follow the minima and maxima of light 
with a lag of about seven days. If the star is considered as a spectroscopic 
binary, both the velocity of the center of mass and the velocity-amplitude 
appear to vary. The enhanced lines give algebraically higher velocities 
than those due to the neutral atom. At certain phases of the period, pairs 
of emission lines border the absorption lines of hydrogen, and, since the 
components vary in relative intensity and perhaps in position as well, the 
velocities given by the absorption lines differ from those given by the lines 
of other elements. These differences form a curve with double maxima and 
minima. The sequence of spectral changes explains adequately the fact 
that the amplitude of the photographic light-curve is much greater tha$ 
that of the visual light-curve. 

The orbits of four spectroscopic binaries with the Henry Draper Cata¬ 
logue numbers 73619, 75767, 206546 and 214686 have been calculated by 
Sanford. With the exception of H.D. 75767, all show double lines in their 
spectra. H.D. 73619 is a member of the Pwesepe cluster, and the velocity 
of its center of mass, +32.1 km./sec., is in close agreement with the mean 
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value, +32.4 km ./sec., given by about 20 other stare in the cluster which 
appear to have constant velocities. The two components of H.D. 214686 
have orbits with an eccentricity of 0.38 and are so oriented that the lines 
are resolved only near periastron. The minimum masses for the three 
spectroscopic binaries with double lines are all only slightly larger than that 
of the sun. 

The bright star Boss 1074 has been observed spectroscopically at Mount 
Wilson since 1918. A comparison by Sanford of these observations with those 
obtained at the Lick Observatory in 1906*1909 and in 1921 indicates a 
period of 17 years. If the star is regarded as a spectroscopic binary, the 
orbit would have an eccentricity of 0.45; and on the assumption that the 
primary is three times as massive as the secondary, it would have a mass 
at least 48 times as great as the sun. 

Sanford has continued his observations of the interesting variable star U 
Monocerotis and has completed the velocity-curve for UU Cassiopeia. The 
velocity-curves of the Algol variables TT Hydra, RW Corona, TT Her- 
culis, AK Herculis and WZ Ophiuchi are still under observation. The 
spectrum of RR Herculis, classified in the Draper Catalogue- as K5p, is 
found to show emission lines of hydrogen. Sanford has also determined the 
radial velocities of ten Btars of type N and two of type R, both from the 
hydrogen lines in emission and from the absorption lines of other elements. 
The difference, emission — absorption, is 23 km ./sec., a value with the same 
sign but larger than that found by Merrill for the Me and Se variables. In 
the case of two stars, U Auriga and T Draconis, the presence of emission 
lines of hydrogen had apparently not been observed previously. 

B-TYPE STARS WITH EMISSION LINES 

Observations during the year have increased the total number of bright- 
line stars discovered since 1924 by Merrill, Humason and Miss Burwell to 
about 90. In addition to these an excellent objective-prism photograph by 
Mayall of the region surrounding the double cluster in Perseus shows a 
large number of stars of the ninth magnitude or fainter which have a bright 
Ha line. Merrill and Miss Burwell have begun the preparation of a cata¬ 
logue of all known bright-line stars of type B. 

A detailed description of the interesting spectral variations of the B8e 
star H.D. 50138 has been prepared for publication by Merrill. Bright 
hydrogen lines were discovered at Mount Wilson in 1920. Hy8 has two 
strong emission components separated by about 4.2 A. The red component 
maintains its position and intensity practically without change, but the 
violet component exhibits striking variations. Helium, magnesium and iron 
lines are wholly dark. The forbidden Oi lines AA6300, 6363, known in 
gaseous nebula, are present as emission lines of low intensity. The dis¬ 
placements of the well-defined absorption centers of Hy and H8 vary, but 
appear not to correspond to a simple orbit. The displacements of other 
lines fail to agree with those of Hy and HS. The phenomena are compli¬ 
cated and difficult to interpret. The changes in intensity of the violet 
emission component of H/8 can not be caused by absorption of the same 
type as that which produces the central dark lines of the Balmer series. 
Explanation by the occultation of the approaching limb of a rotating star 
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seems too artificial to be convincing. The general behavior of the hydrogen 
lines resembles that observed by Joy in the companion to o Ceti (Mira). 

Observations of the well-known B-type star P Cygni by Adams and 
Dunham with the coud6 spectrograph show interesting details of structure 
in the hydrogen lines. The absorption lines on the violet side of the emis¬ 
sion bands are clearly double, with the stronger component to the violet 
and a weaker component between this and the edge of the emission band. 
The effect is most plainly shown in the case of H$, but may also be seen in 
some of the other hydrogen lines and resembles the effect seen at certain 
stages of the spectra of novse. 

YELLOW AND RED REOION8 OF STELLAR SPECTRA 

The plane-grating spectrograph' and, in the case of bright stars, the coud6 
spectrograph, have been used to excellent advantage in the study of the less 
refrangible portion of the spectrum. The development of highly sensitive 
photographic emulsions for this region, especially by Dr. Mees of the East¬ 
man Company, has greatly facilitated such work. Merrill has given especial 
attention to the detached D lines of sodium, bright Ha, the (nebular) for¬ 
bidden 0 n multiplet near A 7325, the 0 1 triplet AA 7772, 7774 and 7775, 
and the strong Ca n triplet AA 8498, 8542 and 8662. In the course of these 
investigations he has discovered bright sodium D lines in the spectrum of 
H.D. 190073, which is the first star apart from novse in which these familiar 
lines have been observed in emission. The structure of the H and K lines 
is very peculiar. Bright hydrogen and iron lines were found several years 
ago. 

Miss Burwell has examined the spectra of some of the K- and M-type 
stars in the less refrangible region and finds a marked absolute-magnitude 
effect in the case of the red calcium lines. Sanford has made use of the fact 
that N-type stars show a great relative concentration of light in the yellow- 
red portion of the spectrum, and has added to the number already observed 
through the use of the plane-grating spectrograph with a 6-inch camera 
which is very efficient in this region. The addition of these stars will bring 
the number of N-type stars for which radial velocities may be obtained to 
about 85. Sanford has also obtained with the 15-foot coucte spectrograph 
a spectrum of the bright N-type star Y Canum Venaticorum on a scale of 
3.5 angstroms to the millimeter. The photograph shows a wealth of detail 
which it is difficult on superficial examination to reconcile with the view 
that the spectrum is wholly one of absorption. 

BRIGHT H AND K LINES IN LATE-TYPE SPECTRA 

The new three-prism spectrograph has been used by Adams and Joy in a 
continuation of their investigation of the bright H and K lines of calcium 
in stellar spectra. Bright lines have been found in several additional stars, 
and especial attention is being given to a comparison of these lines in giant 
and dwarf stars. The bright H and K lines in the spectrum of 61 1 Cygni t 
discovered at Mount Wilson several years ago, have been photographed 
with considerably higher dispersion than heretofore. 

SPECTRAL CLASSIFICATION OF STAR8 IN THE SELECTED AREA8 

At the request of Dr. van Rhijn in 1922, the Observatory undertook to 
observe and classify the spectra of 10 or more stars fainter than photo¬ 
graphic magnitude 11.0 in each of 115 of Kapteyn’s Selected Areas. The 
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areas to be observed included those on and north o! the celestial equator. 
The observing part of the program, carried on by Humason with the 60-inch 
reflector, has been completed, and about 90 per cent of the spectra have 
been classified. The total number of stars classified, including those 
brighter than 11.0, will be approximately 3000. 

STELLAR SPECTROPHOTOMETRY 

A most satisfactory method of standardising stellar spectra by means of 
a raster, cylindrical lens and plane-grating spectrograph has been developed 
by Dunham and applied to 59 spectrograms of bright stars obtained by him 
during the year with the coud6 spectrograph. He has constructed two new 
rasters of improved design, the one now in regular use having the form of a 
logarithmic curve. This gives a standardizing spectrum whose intensity 
varies logarithmically in a direction perpendicular to 'the dispersion. Ex¬ 
tensive measurements of the contours of absorption lines are in progress. 

The instrument used for tracing the curves of these spectrograms is the 
Zeiss microphotometer of the Astrophysical Laboratory of the California 
Institute. Dunham has investigated for this instrument the electrical lag 
in response, which is of sufficient importance to introduce errors into the 
measurement of line-contours. 

When photography is employed in an attempt to secure quantitative 
measurements of large variations in the intensity of light occurring within 
a small part of a millimeter, as in the case of stellar spectra, serious diffi¬ 
culties arise. The most important of these is the Eberhard effect, which 
distorts the contours of spectral lines. The grain of photographic plates 
also introduces considerable uncertainty into determinations of line-con¬ 
tours from microphotometer tracings. In examining both of these effects 
Dunham has compared various methods of development and the graininess 
of different emulsions. Using a slit 0.5 mm. long and 5/u wide, he has found 
that on a typical fast plate, blackened uniformly to a density of 0.3, the 
average deviations from the mean line drawn by the microphotometer 
amount to 1.5 per cent of the total deflection from clear film to complete 
opacity. 

Dunham has also studied the applicability of a photoelectric amplifier to 
our stellar microphotometer. With the use of the FP-54 tubes recently 
developed by the General Electric Company it is possible to obtain excel¬ 
lent stability and great speed with a short-period galvanometer. An ampli¬ 
fier using two of these tubes in a balanced circuit appears to meet the 
requirements for recording the contours of solar lines directly without the 
intervention of photography, and the method will be tried in the near future. 

RADIOMETRIC MEASURES OF STELLAR SPECTRA 

Smith has made further tests of his radiometers on stellar spectra at the 
coude focus of the 60-inch telescope. These show that precise spectral- 
energy curves of the brighter stars can be derived with the aid of the radio¬ 
meter, and preparations are under way to carry out these measurements at 
the coud£ focus of the 100-inch reflector. A suitable spectrometer and other 
necessary accessories are being built. 

A new method of measuring radiometer deflections has been developed 
which has greatly increased the effective sensitivity of these instruments. 
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Heretofore it has been thought that the deflections due to Brownian move¬ 
ment set a natural limit to the accuracy with which star deflections can be 
determined. The following technique, however, enables one to determine 
deflections with an uncertainty which is many times less than the mean 
Brownian movement deflections. 

A beam of light from the mirror of a slightly over-damped radiometer is 
brought to a focus on a photographic film, the intensity of the light being 
fixed at such a value that a relatively long time is required to record the 
image on the film. Hence, when the film is exposed, even though the spot 
of light continually wanders about its mean position in building up the 
photographic image, the various excursions are automatically averaged out, 
and the center of the image very accurately represents the mean position 
of the spot. 

When a measurement is made, the instrument is allowed to assume its 
zero position, and the recording light is then turned on for a definite time- 
interval. At the end of this interval the recording light is cut off, the star¬ 
light is allowed to fall on the radiometer, and after the instrument has had 
sufficient time to come to “rest,” the recording light is again turned on for 
the chosen time interval. The actual deflection is measured on a compara¬ 
tor after the film is developed. 

SPECTROSCOPIC DETERMINATIONS OF ABSOLUTE MAGNITUDE AND PARALLAX 

Adams has continued throughout the year the classification of stellar 
spectra and the determination of absolute magnitudes from the intensities of 
spectral lines. Especial attention has been given to giants and supergiants 
of types GO to K5. 

In the Annual Report for last year reference was made to the completion 
of a revised table of reductions for dwarf stars of types FO to K8 to provide 
for the inclusion of additional lines used in the estimates. Similar tables 
have now been completed for giants and supergiants, and the absolute mag¬ 
nitudes of about 1500 stars of types between GO and K5 have been calcu¬ 
lated on this system. The reduction tables are based mainly on smoothed 
values of the absolute magnitudes calculated by Stromberg from radial 
velocities and peculiar and parallactic motions, and on mean trigonometric 
values derived from the material contained in Schlesinger’s General Cata¬ 
logue of Stellar Parallaxes, 1924. A comparison of the results for the list 
of 1500 stars is of interest as showing not only the degree of accordance of 
the spectroscopic mean absolute magnitudes with those derived by other 
methods, but also the agreement of the mean trigonometric values with 
those calculated by StrOmberg. The comparison of the trigonometric values 
is limited to stars with parallaxes measured at the Allegheny, McCormick 
and Mount Wilson Observatories. 

Mean Absolute Magnitudes of Giant Stars of Types GO to KS 


Stromberg (about 2100 stars). +0.26 *** 

Spectroscopic (1310).+0.27 

Trigonometric (231) .+0.37 


19 Supergiants: Spectroscopic —2.4; Trigonometric —2.5 

The mean absolute magnitudes in the case of the stars with trigonometric 
parallaxes have been calculated by the formula which provides for the 
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inclusion of negative parallaxes and on the assumption of a dispersion of 
0.8 mag. for the giants, and 1.2 mag. for the supergiants. 

A limited group of stars with absolute magnitudes of about +2.5, inter¬ 
mediate between giants and dwarfs, which is indicated by the calculations 
of Strdmberg and also by the trigonometric parallaxes, is clearly shown in 
the spectroscopic values. Most of these stars are of spectral type G. 

LUMINOSITY DISTRIBUTION AMONG STARS OF TYPES A2 TO M 

Strdmberg has applied to stars with apparent magnitudes brighter than 
6.0 the method which he has developed for calculating the distribution in 
absolute magnitude from the distributions of peculiar and parallactic mo¬ 
tions and of radial velocities. The investigation began with the M-type 
stars and has been continued through the spectral sequence to type A2. The 
analysis for the B- and early A-type stars has not yet been completed. The 
accompanying table gives the results, the figures in parentheses showing 
the percentage of the total number of stars in each group. 


Mean Absolute Magnitude 


Spectrum 

(H.D.) 

Number 
of stars 

Super¬ 

giants 

Bright 

giants 

Normal 

giants 

Faint 

giants 

Dwarfs 

MO to M9 

247 

-4.5(9) 


-0.2(91) 



K3 to K9. 

378 

-4.5(7) 


-0.1(91) 


+6.7(2) 

K0 to K2. 

1058 

-2.5(14) 

+0.3(78) 

+2.7(7) 

+6.1(1) 

G0toG9.. 

601 

-3.0(19) 

+0.4(49) 

+2.8(23) 

+4.2(9) 

FOtoFO. 

622 

-3.0(9) 

+1.2(45) 

+3.2(46) 

A2to A5.. 

478 

-3.2(15) 


+1.2(85) 


The small percentage of dwarf stars is, of course, due to the fact that 
their apparent magnitudes in most cases are fainter than the limit of 6.0. 
In all the spectral types a frequency-minimum separates the supergiants 
from the normal giants, which, in the case of the A, F, G and M stars, 
amounts to a complete absence of stars of intermediate absolute magnitude. 
The dwarfs become steadily brighter in the progression from K to A and 
coalesce with the normal giants in the spectral interval A2-A5. 

LABORATORY INVESTIGATIONS 

RARE-EARTH SPECTRA 

The rare-earths are being studied by King for the more complete identifi¬ 
cation of their spectral lines, the segregation of the lines of the neutral and 
ionized atoms, and a determination of the response of the lines to the suc¬ 
cessive stages of excitation furnished at different temperatures by the 
electric furnace, the arc and the spark. All fourteen elements of the 
rare-earth group, with the exception of illinium of which no specimen is 
obtainable, have now received a preliminary survey to determine the char¬ 
acter of their spectra in the different light sources. For nine of the elements, 
the regular temperature classification of spectral lines has been carried out, 
at least for the most important region. This supplies data which determine 
the presence and physical state of these elements in celestial bodies and 
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permit the analysis of spectral structures by means of the grouping of 
related lines. As a part of the program, ytterbium and lutecium have been 
studied by King during the year, about sixty spectrograms having been 
made for the range A 2950 to A 6900. These elements are extremely scarce, 
and the existing tables contain many errors of identification. The tests 
applied in the present work, supplemented by data from Dr. Meggers, have 
resulted in much improved lists. Many new lines, especially for ytterbium, 
have been measured, and the temperature classes have been determined for 
about 500 lines in the two spectra. Hyperfine structure is present in fully 
half of the lutecium lines, the variety in the patterns evidently relating to 
the energy levels from which various groups of lines arise. Hyperfine 
structure, which according to theory results from the reaction of the nucleus 
on a deeply penetrating electron, has now been shown by King to occur in 
the spectra of all rare-earths of odd atomic number thus far examined, with 
the possible exception of thulium. 

The examination of the rich spectra of neodymium and samarium and 
the measurement of new lines have continued. The improved photographic 
emulsions for the infra-red now obtainable are expected to give an impor¬ 
tant addition to this material. The more prominent lines of the very rare 
element thulium have been identified on the spectrograms of ytterbium and 
lutecium as a result of the close chemical affinity of the three elements. 
Since a large proportion of the thulium lines between A 2950 and A 6900 are 
given by low excitation, the furnace spectrum is especially rich in data for 
their classification. 


SPECTRUM OF COLUMBIUM 

The determination of the ionization and the temperature classification of 
the lines of columbium was concluded by King during the year with the 
description of approximately 650 of the stronger lines between A 3100 and 
A 7000. In spite of the high vaporization point of columbium, 200 of these 
were obtained in the furnace spectrum. Hyperfine structure was found in 
about 40 per cent of these lines, with much variety in the patterns. The 
term analysis of this spectrum requires, in addition to the temperature 
classification, better and more complete wave-lengths, since those of the 
only comprehensive list available were found from the term values obtained 
by Meggers and Scribner in a partial analysis of the spectrum to be inaccu¬ 
rate, often to the extent of 0.15 A. Another essential is a study of the 
hyperfine structure with high resolution. In the cooperative work on this 
spectrum Dr. Meggers at the Bureau of Standards has measured arc and 
spark spectrograms supplied by King, of which about forty additional ones 
have been made during the year. Thus far, over 5000 lines have been 
measured by Meggers, usually in both arc and spark spectra, with the 
extremes of the range, which now extends from A 2100 to A 9000, still to be 
measured. The accuracy throughout seems to be better than 0.01 A, which, 
besides supplying accurate term values, should make it possible to identify 
additional columbium lines in the solar spectrum. About 25 per cent of the 
lines measured show hyperfine structure. The examination of this struc¬ 
ture with high dispersion is now being made by Meggers and King with the 
large spectrographs on Mount Wilson and in the laboratory. 
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8PECTRUM OP TUNGSTEN 

Examination in the electric furnace of the highly refractory elements 
zirconium, hafnium and columbium resulted in each case in the isolation 
from a multitude of lines of those which appear at the moderate excitation 
of the furnace and therefore arise from the lower energy levels of the neutral 
atom. Such lines are fundamental for the structural analysis of these 
spectra. Little progress has been made as yet in the analysis of the spec¬ 
trum of tungsten, the metal which has the highest known melting-point; 
but recent experiments by King show that the electric furnace, through the 
formation of a carbide in the graphite tube, produces tungsten vapor at a 
temperature much below the melting-point of the pure metal. A consider¬ 
able number of lines of tungsten were thus obtained. These should be the 
fundamental lines of the element, and may be expected, by analogy with 
the other refractory metals, to be the low-level lines required in the 
analysis. 

INVESTIGATIONS WITH THE LARGE CONDENSER 

During the autumn, Anderson continued his experiments on the accurate 
control of opening and closing the electro-optic shutter for the purpose 
of studying the early stages in a wire explosion. Several methods were tried 
without satisfactory results. The arrival of Dr. T. Takamine in November 
1930 made it necessary to discontinue this work, since the condenser equip¬ 
ment was needed for his investigation on the hydrogen spectrum. 

After Dr. Takamine’s departure in April a quantitative study of the 
energy distribution in the continuous spectrum given by the high-current 
vacuum tube was started. The tube is of fused silica and has a capillary 
3 mm. in diameter. The total duration of the discharge in the tube is about 
1/20,000 second. The changes in the spectrum throughout this interval 
have been recorded with the rotating-mirror camera, the dispersion used 
being either one or three prisms. The energy-distribution itself will be 
determined with a vacuum thermocouple at the focus of the Bausch and 
Lomb quartz monochromator. Only a few preliminary trials have been 
made with the apparatus, but it appears to be quite adequate for the pur¬ 
pose, since readable deflections have been obtained as far as A 2000. 

Dr. Takamine and his co-workers at the Imperial University at Tokyo 
have found that by using hydrogen as an impurity in neon it is possible to 
photograph the Balmer series as far as the twenty-fifth member. An inter¬ 
esting extension of this work would be the production of the Balmer lines 
in absorption by passing white light of sufficiently high intensity through 
a neon-hydrogen tube when the tube is excited by its proper discharge 
current. This could be accomplished in our laboratory by using as a source 
of white light the high-current vacuum tube studied by Anderson, and 
passing all or part of its current through the hydrogen-neon tube. 

The experiment was tried by Dr. Takamine in the Physical Laboratory 
in Pasadena under a rather wide variety of conditions, but only the first 
five members of the Balmer series could be obtained in absorption, and 
these appeared to be abnormally wide when compared with their appear¬ 
ance in emission. The explanation of this fact is not known, and it would 
be of interest to pursue the investigation much farther than was possible 
during Dr. Takamine’s visit. This he plans to do on his return to Tokyo. 



MOUNT WILSON OBSERVATORY 


215 


OXYQBN BAND 8PBCTBA 

The investigation by Babcock of the spectrum of molecular oxygen in 
the earth’s atmosphere, originally undertaken for the purpose of establish¬ 
ing reliable standards of wave-length, has become important in several 
respects. The possibility of varying the intensities of the lines by differ¬ 
ences of air-path, the perfect symmetry of the lines, and the test of 
their relative wave-lengths afforded by the theory of band structure have 
permitted determinations of wave-length with extraordinarily high pre¬ 
cision. About 400 lines have now been measured, the wave-lengths of those 
of strong and medium intensity, as well as some of the fainter lines, being 
accurate to 1 part in 5,000,000. 

The discovery of the isotopes O 17 and O 18 following the accurate determi¬ 
nation of the wave-lengths led to other important developments. Thus it 
stimulated the use of band spectra for the discovery of isotopes of other 
elements, such, for example, as C 18 by King and Birge, N 1 * by Naude, and 
Be 8 by Watson and Parker. Of even more importance, however, is the 
applicability of the method to the precise determination of the relative 
masses of isotopic atoms, as was pointed out by Giauque. This is of special 
interest because of its connection with “packing effect,” that is, the differ¬ 
ence between the mass of an atomic nucleus and the sum of the masses of 
its constituent alpha particles and protons. The generally accepted rela¬ 
tion between mass and energy is that developed by Einstein, A E=c? A m, 
which underlies the theory of the origin of cosmic radiation and is a basic 
idea in astrophysics and chemistry. Every independent test of its validity 
is thus to be sought for and critically examined, and one step in this direc¬ 
tion consists in the precise determination of the masses and the “mass- 
defects” of atoms from the band spectra of the molecules which they form. 

Technical reasons make the case of oxygen exceptional among band 
spectra for the study of the relative masses of isotopes. In a cooperative 
investigation, Babcock and Birge are using for this purpose the best data 
now available. With the mass of O 18 taken as 16 exactly, they have found 
that the mass of O 18 is 18.0065 with a probable error of 1 part in 100,000. 
With the exception of silver, no other atomic weight is so accurately deter¬ 
mined as this. The mass of O lT is now being derived in the same way, and 
although its probable error will be much greater than that of O 18 , it is fully 
expected that eventually the mass of O 17 can also be used to check Ein¬ 
stein’s equation. As Birge has pointed out, the mass of C 18 , spectroscopi¬ 
cally determined, provides the first experimental test of this kind, which, 
though rough, is of great value. 

It should be noted that since the discovery of the isotopes of oxygen two 
systems of atomic weights have necessarily been used; one is the chemical 
system, in which the natural mixture of oxygen isotopes is taken equal to 
16 by definition, while in the other, which may be called the physical 
system, the most abundant form of oxygen, O 18 , is by definition made equal 
to 16. The exact relationship of these two systems should be known in 
order that atomic weights may be accurately transferred from one system 
to the other, and that eventually one system may be adopted for all pur¬ 
poses. This relationship evidently depends on the relative masses of O 18 , 
0 XT , and O 18 and on the proportions which constitute the mixture that we 
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call oxygen. The masses have been discussed; the relative abundance is 
still somewhat uncertain. From relative intensities of the isotopic bands 
Babcock derived the first values for the abundance of O 16 , 0 1T , O 18 , as noted 
in the Report for 1928-1929. The result was an approximation, indeed for 
0 1T scarcely more than a rough estimate, since the bands due to the mole* 
cule 0 W -0 1T are so weak that a comparison of intensity with the bands of 
O # -0 ia is exceedingly troublesome. Naud6, however, found substantially 
the same abundance of O 18 , although he used entirely different data derived 
from spectrograms of the NO bands. More recently Mecke and Childs 
from an extended study find for the ratio O 18 : O 18 a value of 630, as com¬ 
pared to Babcock’s rough result of 1250. Theoretical discussion of these 
results is in progress, and, in addition, an entirely independent observation 
by means of a mass-spectrograph is being carried qut by Smythe at the 
California Institute of Technology. It is probable that a definite conclu¬ 
sion will be reached during the year. 

PHOTOCHEMICAL CELLS 

The properties of several photochemical cells have been studied by Smith 
in the hope that they might prove useful for astronomical purposes. In 
general, these cells consist of two electrodes placed in an electrolyte, the 
surface of one of the electrodes having been treated in such a way that it 
is rendered sensitive to light. For example, if one of the electrodes is of 
copper covered with a thin layer of copper oxide, the electromotive force 
of the cell changes when radiation falls on the treated electrode. A silver 
electrode covered with a thin layer of silver halide exhibits the same 
behavior. Cells of this type constructed in the laboratory, as well as some 
commercial cells, have been tested, but the results are not promising. The 
cells are all subject to erratic fluctuations, and their sensitivity is not 
sufficiently high to warrant an attempt to increase their stability. 

U8E OF CYLINDRICAL LENS TO REDUCE EFFECT OF PLATE GRAIN 

During the year, Anderson has devoted much time to an appraisal of the 
value of a cylindrical lens in the measurement of absorption spectra. As 
mentioned in last year’s Report, the value of this device in the case of 
bright-line spectra is great, and it was hoped that it might prove equally 
valuable for absorption spectra. This does not appear to be the case, 
however. True absorption lines are much improved in character and inten¬ 
sity, but owing to the irregular distribution of silver grains, innumerable 
spurious lines are produced, and in a spectrogram of moderately high 
density, these are comparable in intensity with the weaker real lines. With 
the rapid photographic plates now in use, it is consequently doubtful if 
the cylindrical-lens method would improve very much the ease or accuracy 
of measurements. 

ASTIGMATIC FOCUS OF A CONCAVE GRATING 

Experiments with a concave-grating spectrograph have been undertaken 
by Pettit with a view to correcting astigmatism by placing a convex 
cylindrical lens behind the slit A plano-convex glass spectacle lens of 
33 cm. focal length has been used. In the case of the one-meter concave 
grating mounted in the Eagle form, this lens, placed 11.1 cm. behind the slit, 
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brings dust lines into sharp focus over a range of 100 angstroms and into 
fair focus over 300 angstroms at about A 4700. As the lens is moved toward 
the slit a centimeter at a time, the region of good focus moves to the violet 
about 370 angstroms. This lens has been applied successfully to the 8-inch 
concave-grating spectrograph with a radius of 6.4 meters. 

PHOTOGRAPHIC EMULSIONS 

Many new emulsions have been received during the year from Dr. Mees 
of the Research Laboratories of the Eastman Kodak Company, whose 
cooperation has been of the utmost value to the Observatory. Among these 
emulsions have been two of particular value for panchromatic photography. 
One is faster than any previously available in the green and yellow region, 
while the other is extremely sensitive in the yellow and red. The grain 
of these plates is comparatively fine and the contrast high. They have 
been especially useful in photographing the green and red regions of the 
spectra of stars with the coud6 and the plane-grating spectrographs and 
in solar photography. Important improvements have also been made in 
plates sensitive to infra-red light. The Imperial Eclipse plates have been 
found to have many advantages in the blue region of the spectrum. Their 
speed is excellent; the contrast is at least as high as on other plates only 
half as fast, and the grain is scarcely more noticeable. These plates have 
been used extensively for observations of radial velocity and absolute 
magnitude. 

Accurate tests of the characteristics of emulsions are becoming increas¬ 
ingly important. A small experimental plate-testing spectrograph having 
a plane grating has been designed by Dunham with a logarithmic raster 
to give quantitative comparisons between emulsions. A wave-length scale 
is impressed directly on the plate. From the point of view of spectroscopic 
work the most useful description of an emulsion seems to be the exposure¬ 
time required to produce a density of 0.6, together with a statement of the 
contrast at this density. These values may be easily determined for plates 
exposed in the testing spectrograph. 

RULING MACHINE 

During the year the ruling machine has been provided with a new dia¬ 
mond carriage of aluminum alloy weighing less than half as much as the 
carriage formerly in use. This has resulted in much better performance, 
particularly as regards vibration. An improved link connects the diamond 
carriage to the driving crosshead. The carboloy end-thrust plane bearing 
failed after some three years of service and has been repolished and replaced 
in the machine. The operation of the engine since these changes were 
completed is definitely improved. A 4-inch plane grating made very re¬ 
cently shows only two minor defects, neither of which interferes with jts 
performance. Recently a new stock of excellent rough diamonds was 
secured, and a supply of finished ruling edges is now being prepared, a 
much simpler and more expeditious process than in earlier stages of our 
experience in such work. 

During the year seven 4-inch and five 6-inch plane gratings have been 
ruled, all of sufficiently high quality to be used in actual observing. One of 
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the 6-inch gratings gives 90 per cent of its theoretical resolving power on 
absorption lines in the second-order spectrum. 

The design has been completed by Babcock, Nichols and Jacomini for a 
new medium-sized ruling machine containing certain modifications of the 
large machine which experience has shown to be desirable, and construction 
is already well advanced. The screw of the new machine is nearly ready 
for grinding, practically all the castings are finished, and the spacing- 
wheel is graduated and ready for cutting. By the end of 1931 the new 
machine should be well toward completion. Much of the work is being 
done in the main instrument shop under the supervision of Jacomini, but 
he will carry out the final operations and assemble the machine himself. 

VELOCITY OF LIGHT 

The preparation of the equipment for Dr. Michelson*s redetermination of 
the velocity of light was completed last year, and work on the adjustments 
and definitive measurements has proceeded actively during the present sea¬ 
son. Fortunately the apparatus was in readiness for final use shortly before 
Dr. Michelson’s illness, and he was able to take part in some of the actual 
measurements. Since his death early in May, the work has been continued 
by Pease of the Observatory staff and Mr. Pearson of the University of 
Chicago, who have been closely associated with the investigation from the 
beginning. 

It soon became evident from tests of the images formed after multiple 
reflection through the mile of pipe-line that a lower air-pressure would be 
required than was at first thought necessary. An additional air-pump with 
a capacity of 350 cubic feet per minute was installed, the rubber tubes at the 
junctions of the sections of pipe were renewed, and all seams were treated 
repeatedly with a special type of rubber paint. Under these conditions the 
pressure was reduced to 0.5 mm., and the measurements were made at pres¬ 
sures between 0.5 mm. and 2.3 mm. Some trouble was experienced with 
the tarnishing of the mirrors, but Dalton of the optical shop succeeded in 
coating them with a thin lacquer in such a manner as not to impair their 
optical properties. A system of remote controls was provided to manipulate 
the mirrors and lights at the distant end of the long tube. 

The first measurements were made on February 19,1931, and were con¬ 
tinued intermittently until July. Five series of observations have been 
completed, all with the use of the 32-sided rotating mirror figured by Mr. 
Pearson. Two of these were over an optical path of approximately 10 
miles and the other three over a path of 8 miles. Toward the end of the 
second series the images were found to be drifting, probably because of slight 
displacements of the mirror mountings and local refractions in the tube. 
Accordingly, in the last three sets of observations the readings were taken 
in such a way as to eliminate the effect of drift, and low weight was assigned 
to the previous measures. 

The length of the base-line was measured with high accuracy by Com¬ 
mander Gamer of the United States Coast and Geodetic Survey, who 
derived a value of 1,594,259.4±0.47 mm. (5230.76509 feet). The transfer 
of the reference points into the tube and the measurement of the remaining 
distances were carried out by Pease and Pearson. The resulting 8-mile 
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optical path was 12,811,131.2 mm., and the 10-mile path 15,999,680.0 mm. 

The speed of the rotating mirror was derived from comparison with a 
free gravity pendulum which was rated with a Bond chronometer and with 
a constant-frequency crystal oscillator set loaned by the General Radio 
Corporation. The time-rates of these instruments were determined by 
comparison with radio signals received from Arlington. 

During the earlier observations, measures could be made during most of 
the night, but with the approach of summer and the increase in the daily 
range of temperature the surfaces of the plane mirrors frequently became 
distorted and there was serious scattering of light. As a result the return 
image became very faint and of poor quality. At such times the observa¬ 
tions were confined to the few hours each night when balanced conditions 
of temperature provided satisfactory images. 

Thus far five sets of measurements have been made, each consisting of 
about 60 groups of 20 or more readings each. Four sets are in remarkably 
close agreement, but the fifth deviates systematically, probably because of 
a drift of the image which occurred during some of the earlier measures. 

CONSTRUCTION DIVISION 

ENGINEERING AND DESIGN 

The design of new instruments and apparatus has been under the imme¬ 
diate charge of E. C. Nichols throughout the year, H. S. Kinney assisting 
in the details and making the finished drawings for the instrument shop. 
Pease has given much attention to the new support system for the 100-inch 
mirror and the ruling machine now under construction. 

Included among other instruments and accessories designed during the 
year are: the 15-foot stigmatic concave-grating spectograph for the 100- 
inch telescope; a stellar spectrometer for use with a radiometer; a spectro- 
heliograph and spectrohelioscope for the Solar Laboratory; several camera 
mountings for stellar spectrographs; a periscopic attachment for examining 
faint stars in the field of the telescopes; the new winding for the large 
laboratory magnet; a modified shutter for the dome of the 10-inch photo¬ 
graphic telescope; and many auxiliary parts for the equipment used in the 
investigation of the velocity of light. Drawings and charts for the Observ¬ 
atory publications and the Annual Exhibit of the Carnegie Institution 
have been prepared in this department. 

INSTRUMENT SHOP 

The work of the instrument shop has remained under the charge of AldeL 
F. Ayers, and Clement Jacomini has given all of his time to the operation 
of the large ruling machine and the design and construction of the smaller 
machine now partially completed. L. R. Hitchcock has continued to act as 
instrument maker at the Solar Laboratory and to assist in the observations. 
John E. Kimple has devoted much of his time to the work on the velocity 
of light at the Irvine Ranch, assisting in the mechanical and optical adjust¬ 
ments and in the maintenance of the light-source during the measurements. 

The construction and installation of the support system for the 100-ind 
mirror were completed by the instrument shop during the year, and much 
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time was given to the velocity-of-light apparatus and to repairs and main¬ 
tenance of equipment. Among the instruments partially or wholly com¬ 
pleted are: the 3-prism ultra-violet spectrograph; the 15-foot concave¬ 
grating spectrograph for the 100-inch telescope; three spectrohelioscopes; 
a stellar spectrometer and a small microphotometer, both for use with radio¬ 
meters; the new ruling machine; the cooling coil for the solenoid magnet 
and a new coil for the Weiss magnet; a plate-testing photometer; the 
mounting of the Ross correcting lens for the 60-inch reflector; and several 
attachments for the stellar spectrographs. Early in the year considerable 
time was devoted to parts of the 50-foot interferometer mounting, and 
more recently the mechanism for the new shutter on the dome of the 10-inch 
photographic telescope was completed in the shop. 

OPTICAL shop ' 

In the optical shop, W. L. Kinney has figured a 12-inch objective prism 
with an angle of 12^4° for the 10-inch photographic telescope; two 10-inch 
plane mirrors; a 19-inch concave mirror with a radius of 50 feet; a 4-inch 
achromatic lens as a finder for the 60-inch telescope; two plane parallel 
plates 4% inches in diameter for use in the large ether-drift interferometer; 
four small Fresnel prisms; and many other small optical lenses and prisms. 

John S. Dalton has devoted much time to the preparation of plane and 
concave speculum plates for the ruling machine. He has also figured a 
number of lenses from 1 to 6 inches in diameter of glass, fused silica, crystal¬ 
line quartz, calcite and rock salt; numerous small mirrors and prisms for 
experimental purposes; and the plane mirrors for three spectrohelioscopes. 
The removal of the 100-inch mirror from its cell at the time the new support 
system was put in place was under the supervision of Dalton. 

On July 1,1931, W. L. Kinney withdrew from the service of the Institu¬ 
tion in accordance with the plan for retiring allowances. It is with deep 
appreciation that the Observatory recognizes the value of his contributions 
to its work over a period of nearly 25 years. During this time he aided in 
the construction of the 60-inch and 100-inch mirrors, and brought to the 
solution of a great variety of practical optical problems a remarkable degree 
of skill and resourcefulness. 

CONSTRUCTION. MAINTENANCE AND OPERATION 

George D. Jones, superintendent of construction for many years, has been 
on leave of absence throughout the year, and building and maintenance have 
been under the charge of A. N. Beebe. 

The large house of temporary construction to cover the projection appara¬ 
tus used for the lunar map planned by Dr. F. E. Wright was completed 
during June 1931. It is situated north of the 100-inch telescope building 
on Mount Wilson and is 135 feet long, with a width narrowing from about 
40 feet at one end to 15 feet at the other. The house has a wooden frame 
with double walls and is covered with a special type of building paper. 

In order to provide a wider observing field near the zenith for the 10-inch 
photographic telescope, a new shutter of the usual split type has been con¬ 
structed and built into the existing dome. This work was carried out by 
Beebe with some assistance from the instrument shop. 
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Further construction work on Mount Wilson has included a concrete 
retaining wall around the seismological laboratory, an additional under¬ 
ground tank at the Monastery for sewage disposal, and various minor 
improvements on the roads along the mountain top. The interiors of the 
laboratory building on Mount Wilson and of the office building in Pasadena 
have been painted throughout, and general repairs on the equipment have 
been continued as needed during the year. 

Merritt C. Dowd, engineer on Mount Wilson for a period of nearly 23 
years, retired on January 1,1931. His services during that time have been 
of immense value to the Observatory. Much of the electrical switchboard 
equipment on Mount Wilson and in the Pasadena laboratories was designed 
and built by him, and the efficiency of the operating plant on the mountain 
is in large part due to his unfailing skill and ability. Since the retirement 
of Dowd, Sidney Jones has been appointed engineer and Nelson G. White 
assistant engineer. 

In cooperation with the Forest Service and the Pasadena-Mount Wilson 
Toll Road Company, the Observatory has continued to assist in maintain¬ 
ing a fire patrolman on Mount Wilson during the summer months. No 
serious forest fires have occurred near the mountain during the past year. 

THE LIBRARY 

On June 30, 1931, the bound volumes in the library numbered 11,213; 
the number of pamphlets was about 8000 and of lantern slides about 2500. 
Between July 1,1930, and June 30,1931, 509 bound volumes were acquired 
by the library, 203 by purchase, 190 by binding, 116 by gift. The unusually 
large number of gifts is accounted for by the presentation in May 1931, by 
Mrs. Michelson, of an exceedingly interesting and valuable collection of 
volumes from Dr. Michelson’s personal scientific library. These have been 
appropriately marked with a special book-plate. During 1931, 121 period¬ 
icals and transactions of learned societies have been received, of which 38 
are gifts or exchanges. In addition, the library receives at more or lesB 
frequent intervals the publications of about 200 observatories and research 
institutions. 




NUTRITION LABORATORY 1 

Francis G. Benedict, Director 

The earlier investigations in the field of human and animal physiology, 
with special reference to the metabolism, were confined to a few laboratories 
in which highly specialized and for the most part complicated techniques 
had been developed. To carry on the studies more extensively, simplifica¬ 
tion of apparatus was a prerequisite. Although the necessarily elaborate 
respiration calorimeter was essential in establishing many of the basal 
concepts in the physiology of nutrition, it was gradually found that the 
complicated procedure of direct calorimetry could in many eases be replaced 
by relatively simple technique dealing solely with the determination of the 
carbon-dioxide production or the oxygen consumption of humans and 
animals. In the last two decades the simplification of metabolism measure¬ 
ments has been stressed. With the development and perfection of simpler 
technique the extension of metabolism studies followed as a matter of 
course. Today it is no longer necessary to bring a man or a woman into a 
physiological laboratory equipped with complicated apparatus in order to 
determine the basal metabolism. This can now be done without difficulty 
by simple technique, even in the most remote parts of the world. Hence, 
whereas three decades ago hardly a score of laboratories were equipped 
with apparatus for measuring the metabolism of animals, today no physi¬ 
ological laboratory or hospital is considered modem without apparatus for 
measuring the metabolism of humans and a large number of these labora¬ 
tories are prepared to determine the metabolism of rats, rabbits, geese, 
pigs or dogs. 

The more general use of metabolism technique in the field of human and 
animal physiology has resulted in a great increase in the cooperative 
researches participated in jointly by other institutions and the Nutrition 
Laboratory. At the present time the Nutrition Laboratory has close affilia¬ 
tions with the University of New Hampshire, at Durham, in the study of 
the energy requirements of large domestic ruminants and with the Depart¬ 
ment of Genetics of the Carnegie Institution of Washington at Cold Spring 
Harbor, Long Island, New York, in investigations on the metabolism of 
pigeons. At Yale University, a three-year intensive research on the metab¬ 
olism of albino rats has just been concluded. Preliminary steps have 
already been taken to carry on a cooperative study with the Department 
of Embryology of the Carnegie Institution of Washington at Baltimore on 
the metabolism of the macaque. In the field of human physiology, com¬ 
prehensive studies on the metabolism of the various races in China, Man¬ 
churia, India, Hawaii and Lapland are now in progress, in most instances 
in cooperation with research workers trained at the Nutrition Laboratory, 
who are using apparatus loaned by the Laboratory. Thus, entirely aside 
from the investigations actually going on within the walls of the Nutrition 
Laboratory at Boston, these outside cooperative studies also contribute to 
the knowledge of human and animal physiology. Use has been made, under 

1 Situated in Boaton, Massachusetts. 
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the most advantageous conditions, of available herds of live stock, rats and 
pigeon colonies, and close touch has been maintained with a large number 
of research institutions. The result has been a most encouraging coopera¬ 
tive effort to develop inter-laboratory interests and, in the larger racial 
program, an unusual spirit of international scientific interest. 

COOPERATING AND VISITING INVESTIGATORS 

In period of time, Professor E. G. Ritzman, of the Laboratory for Animal 
Nutrition at the University of New Hampshire, has engaged in cooperative 
research with the Nutrition Laboratory for the greatest number of years. 
The more recent experimental efforts have been directed toward studies on 
the metabolism of sheep, milch cows, and particularly the resting horse. 
The superior quarters furnished by the University of New Hampshire for 
this research are continually being added to and, in evidence of the spirit 
of support invariably shown by Director John C. Kendall of the New 
Hampshire Agricultural Experiment Station and by President E. M. Lewis 
of the University of New Hampshire, a much needed air-conditioning 
equipment has just been obtained, which makes possible the perfect control 
of temperature and humidity in the various respiration chambers. An 
increasing number of Nutrition Laboratory visitors are finding it essential 
to make the trip to Durham to come in closer contact with the many 
researches in progress there under Professor Ritzman’s direction. 

After three years, the intensive study of the metabolism of the albino rat, 
in cooperation with Professor Lafayette B. Mendel at Yale University, has 
been brought to a close. The superior technician, Dr. Kathryn Horst, 
received a commercial appointment impossible to refuse, thus giving tangible 
evidence of her training and acquisition of skill under the direction of 
Professor Mendel. 

Dr. Oscar Riddle, of the Department of Genetics of the Carnegie Institu¬ 
tion of Washington, has continued, with increasing facilities in apparatus 
and assistants, the investigation on the metabolism of pigeons and doves. 
From a relatively small beginning, the study has expanded until it has 
become one of the most important features of the research under Dr. 
Riddle’s immediate supervision. 

Dr. H. S. Halcro Wardlaw, of the Department of Physiology at the 
University of Sydney, New South Wales, Australia, stayed several months 
at the Nutrition Laboratory as a visiting Fellow of the Rockefeller Founda¬ 
tion. Although the major part of his time was devoted to learning the 
Laboratory’s techniques, Dr. Wardlaw found time to carry out an experi¬ 
mental study supplementing our knowledge of insensible perspiration. 

Dr. Morris Steggerda and Mrs. Steggerda, prior to an expedition to 
Yucatan, spent a week at the Nutrition Laboratory perfecting their tech¬ 
nique in the use of the metabolism apparatus to be employed in measuring 
the basal metabolism of the Mayas. Dr. Steggerda had previously been 
associated with this Laboratory in the study of some Browns and Blacks in 
Jamaica. 

At the suggestion of Dr. Eugene W. Martz and Dr. A. N. Bronfenbrenner, 
Miss Olive Renfroe was trained at the Nutrition Laboratory in the use of 
technique to be employed in a study of the metabolism of children by the 
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New York State Department of Mental Hygiene at Letchworth Village, 
Thiells, Rockland County, New York. The continued interest of Director 
Charles B. Davenport of the Department of Genetics, Cold Spring Harbor, 
has resulted in our cooperating with the New York State Department of 
Mental Hygiene in these preliminary studies. 

Through the kindness of Dr. Walter Landauer of Storre Agricultural 
Experiment Station, Storrs, Connecticut, the Laboratory secured a number 
of frizzle fowl with which to study the influence of defective plumage upon 
metabolism. 

Dean Stanley D. Wilson, Professor of Chemistry at Yenching University, 
Peiping, China, spent two weeks at the Nutrition Laboratory in the spring 
of 1931 securing intensive training with the field respiration apparatus, 
with a view to studying the basal metabolism of various Chinese races. 

The Laboratory was fortunate in having two stimulating visits from Dr. 
Eugene F. Du Bois of Cornell University Medical College, New York. 

A large number of Japanese and Europeans visited the Nutrition Labora¬ 
tory during the year. Among them were Dr. R. J. Hamburger of Gron¬ 
ingen, Holland, Dr. Tsuneo Sakamoto of Tokyo University, and Professor 
Karl Freudenberg of Heidelberg. 

The most notable international contact was that with Professor G. 
Liljestrand of the Carolin Institute, Stockholm, who spent a month in 
Boston as a Lowell Institute lecturer. His almost daily visits to the Nutri¬ 
tion Laboratory were of incalculable value to us, owing to his long expe¬ 
rience in the study of respiratory exchange. 

In part owing to its great physiological interest and doubtless in no small 
part its international interest, no study of the Nutrition Laboratory is of 
more general import than that of racial metabolism. Our cooperating 
investigators have been so active that the correspondence and the calcula¬ 
tions of protocols have become extensive. A number of interesting papers 
have either been printed or are in press, giving complete or partial reports 
of the work in progress. Among the active workers may be mentioned 
Professor Eleanor D. Mason, of the Women’s Christian College, Madras, 
India; Professor C. S. Hicks, of the Department of Pathology, University 
of Adelaide, Adelaide, South Australia; Professor L. G. Kilbom, of West 
China Union University, Chengtu, Szechwan, China; Professor H. S. D. 
Garven, of Moukden Medical College, Moukden, Manchuria; and Professor 
Carey D. Miller, of the Department of Household Science, University of 
Hawaii, Honolulu. 

Each year increasing study is being made of the Nutrition Laboratory’s 
equipment by many teaching institutions in or near Boston, as is shown by 
the larger groups of students who come to see the Laboratory. As in former 
years, these visits were superintended by E. L. Fox, and instruction was 
given by him. 

LECTURES 

Dr. T. M. Carpenter gave a lecture, as customarily, at Harvard 
Medical School on the subject of basal metabolism. During the summer 
he spoke on basal metabolism and muscular exercise befiWthe students in 
the summer school course. On April 10,1931, he read a p/per at Montreal 
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at the annual meeting of the American Physiological Society on the “Res¬ 
piratory quotient, alveolar air and dead space before and after the ingestion 
of glucose and fructose.” On January 14, 1931, the Director lectured at 
the American Academy of Arts and Sciences on “New studies in human and 
reptile metabolism.” A paper was presented in collaboration with Professor 
E. G. Ritzman on “The heat production of the resting horse,” at the Amer¬ 
ican Philosophical Society on April 24, 1931. 

During the past year, unusual attention was given to popularizing the 
work of the Nutrition Laboratory. The Laboratory participated in the 
annual exhibit of the Carnegie Institution of Washington, for which a 
popular pamphlet entitled “What is your basal metabolism?” was prepared, 
dealing in large part with the exhibit. At the same time (on December 13, 
1930) the Director gave a lecture entitled “The significance of basal metab¬ 
olism” at the Carnegie Institution of Washington. This was subsequently 
printed in the Institution’s News Service Bulletin (See publication No. 16, 
cited on page 237 of this report). On March 20,1931, the Director gave a 
radio talk on “The rationale of weight reduction,” under the auspices of 
Science Service, over the Columbia Broadcasting System. 

RESIGNATIONS 

After several years of splendid service as technician in charge of the 
metabolism research on rats, Dr. Kathryn Horst has resigned to become 
associated in a scientific way with a business concern. Miss Theodora 
Nussmann, after a year's effective service in the research on pigeons under 
the direction of Dr. Riddle, has resigned to accept a teaching position at 
Hunter’s College. It is through the loyal and skilful assistance of such 
fellow workers as Dr. Horst and Miss Nussmann that progress is made in 
the researches carried out by the Nutrition Laboratory. 

INVESTIGATIONS IN PROGRESS 

Gas-analysis apparatus —The double gas-analysis apparatus mentioned in 
the last Annual Report has been tested and found impracticable. A gas- 
analysis apparatus constructed entirely of pyrex glass, primarily because of 
the ease of repair in case of breakage, is now being tested with reference 
to the accuracy of results as compared with apparatus made of soft glass. 
The studies on the use of a gas-analysis apparatus as a hygrometer are 
being continued. Dr. Carpenter has been aided in the necessary analyses 
by R. C. Lee and G. Lee. 

Gaseous exchange after the ingestion of galactose —The experiments, 
begun last year, on the possible difference in the sexes in the response of 
the respiratory exchange to the ingestion of galactose are being continued. 
Studies are being made of the variations in the rise in the respiratory 
quotient and in the total metabolism as brought about by different amounts 
of galactose. Observations have been made upon the effect of galactose, 
glucose and fructose, ingested separately and in combinations, with the 
object of determining whether the responses in the respiratory quotient and 
heat production are additive with the various combinations of sugars. 
Studies of the 1 ^composition of alveolar air after the ingestion of galactose 
are in progress.\ These experiments are being conducted, under the super- 
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vision of Dr. Carpenter, by R. C. Lee with the assistance of G. Lee and 
Miss M. Burdett. 

Biological variation in the gaseous metabolism of simple sugars —Hereto¬ 
fore most of the experiments in this Laboratory on the gaseous metabolism 
of sugars have been carried out upon men. It is conceivable that the 
variations in the gaseous exchange after the ingestion of such simple sugars 
as fructose and glucose may be determined by the different dietetic habits 
of animals. Preliminary experiments have been made with reference to the 
effect of sugars upon the respiratory exchange in birds, with the idea of 
subsequently extending these observations to other species. Dr. Carpenter 
has been assisted in the orientation experiments by R. C. Lee, M. Burdett, 
and G. Lee. 

Apparatus for studying respiratory exchange of large animals such as the 
horse and steer —Use of the Carpenter gas-analysis apparatus and the 
unexpected accuracy of the commercial dry gas meters have led to the 
development of an apparatus in which the main air current from the 
respiration chamber is driven by a rotary blower through two 60-light gas 
meters in series. Samples taken through a jet into carefully counterpoised 
spirometers have been shown to be true aliquots. These samples were 
analyzed for both carbon-dioxide increment and oxygen deficit, and the 
results of the analyses have been applied to the metered volume. The 
apparatus is characterized by the absence pf weighings of any kind. No 
absorbing bottles are used, and there is a great reduction in the amount 
of attention needed. Numerous carbon-dioxide control tests were made 
in Boston before the apparatus was finally sent to the Laboratory for 
Animal Nutrition at Durham, New Hampshire. Known amounts of carbon 
dioxide were introduced into the chamber and quantitatively recovered. 
The apparatus has proved extremely successful. In the development of 
this apparatus the Director was aided by the invaluable instrumental skill 
of V. Coropatchinsky. The installation at Durham was superintended by 
R. C. Lee. 

Energy requirements of large domestic animals —Employing a large respi¬ 
ration chamber installed in the Laboratory for Animal Nutrition at the 
University of New Hampshire, Professor E. G. Ritzman has actively 
furthered the studies there which deal chiefly with the metabolism of the 
resting horse. Emphasis has been laid upon the respiratory quotient, the 
rapidity of the approach to a fat metabolism, the standard metabolism, and 
the reaction to changes in the temperature of the environment. These 
studies have thus far been made upon three horses of widely different types, 
each showing an extraordinarily high metabolism. 

Physiological studies on the milch cow —A number of experiments have 
been carried out on the dry cow, fed various types of food. Simultaneously 
a method is being developed for estimating the energy value of various 
feeds, which takes into consideration the digestibility and particularly the 
great stimulating effect of these feeds upon the metabolism of the cow. 
Professor E. G. Ritzman, with the aid of Miss H. M. Hilton, and N. F. 
Colovos and A. D. Littlehale, has intensively followed this program during 
the past year. 
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Metabolism of the pig —At the Laboratory for Animal Nutrition at 
Durham, New Hampshire, Professor Ritzman has studied the basal metab¬ 
olism of a 6-months old pig before and after castration. Metabolism 
measurements have likewise been made on suckling pigs from 10 to 20 days 
of age. 

Metabolism of the pigeon —Dr. Riddle’s use of his large colony of pigeons 
and doves at the Department of Genetics and his study of genetics and 
particularly of sex factors made a cooperative study with him of special 
importance. This has been carried out for a number of years; reports have 
been made from time to time with regard to the progress of the work, and 
several publications have been issued. The details of the material accum¬ 
ulated will be more extensively touched upon in the Annual Report of the 
Director of the Department of Genetics. Among the mdst important studies 
that have been made recently, the results of which are practically ready for 
publication, are those on the metabolism during growth in a common 
pigeon (the Tippler), the metabolism of the mourning dove, and a special 
and dominating influence of season upon the percentage change of metabo¬ 
lism under ordinary changes of environmental temperature. Miss Theodora 
Nussmann assisted in the first of these studies and Miss Guinevere Christ¬ 
man in the last two. These problems have special bearing upon the larger 
program of the Nutrition Laboratory of studying various types of animals 
and the laws governing heat production and heat loss. At the same time 
the investigation of such problems contributes greatly to Dr. Riddle’s 
studies in genetics and sex. This cooperative effort has been extremely prof¬ 
itable and has led to the closest relationships between the two laboratories. 

Gaseous metabolism of the albino rat —The multiple-chamber respiration 
apparatus, which makes possible measurements on four different animals 
simultaneously, has been in constant use for nearly three and one-half years 
in a cooperative research with Professor Lafayette B. Mendel at Yale 
University. Advantage was taken of the superior colony of albino rats 
and of Professor Mendel’s intimate knowledge of diets (restricted, one¬ 
sided, synthetic and normal) to conduct an extensive series of metabolism 
measurements upon this animal. The experiments were carried out by 
Dr. Kathryn Horst and include observations on the influence of light and 
dark, of huddling, of environmental temperature, of the previous diet, of 
prolonged fasting, of age and growth, and of previous exercise. The fact 
that Dr. Horst has recently resigned makes it inadvisable to continue the 
study further. 

Gaseous metabolism of the “frizzle fowl” —Earlier studies with Dr. Riddle 
have shown that the defective plumage of certain pigeons results in a great 
increase in heat lews. Poultry fanciers have long exhibited a “frizzle fowl” 
notable for its peculiarly formed plumage. Through the kind cooperation 
of Dr. Walter Landauer of the Storrs Agricultural Experiment Station at 
Storrs, Connecticut, a number of these fowl were brought to Boston, placed 
in suitable cages, and studied for several weeks, during which time emphasis 
was laid upon'the total heat production with particular reference to changes 
in environmental temperature. The observations were carried out in large 
part by E. L. Fox and B. James. 
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Influence of carbon-dioxide content of inhaled air upon the respiratory 
quotient —With a mouthpiece respiration apparatus, the subject is supposed 
to breathe uncontaminated outdoor air having a carbon-dioxide content of 
approximately 0.03 per cent. In all respiration chambers the conditions of 
ventilation are such that the air inhaled contains more nearly from 0.8 to 
1.8 per cent of carbon dioxide. To compare the influence upon the measured 
respiratory quotient of breathing outdoor air and air containing approxi¬ 
mately one per cent of carbon dioxide, a number of experiments were made 
with the helmet respiration apparatus and the accurate gas-analysis appara¬ 
tus of Dr. Carpenter. In one series of experiments the subject breathe! air 
containing about 0.2 per cent of carbon dioxide and in another series 1.3 per 
cent or above. The subject was well trained, and the gas analyses were 
made with skill by E. L. Fox, assisted by R. C. Lee, G. Lee and Miss A. E. 
Finnerty. 

Development of a clinical respiration apparatus with direct reading of 
the oxygen consumed —A respiration apparatus of the helmet type has been 
developed in which, in place of measuring the oxygen consumption by noting 
the change in the level of a spirometer bell, oxygen is introduced directly 
through an accurate German flow meter called a “rotamesser.” The com¬ 
bination of a modified student apparatus devised by C. G. Benedict and 
the Director, a rotary blower, a helmet, and a rotamesser has resulted in a 
type of apparatus that is quickly adjusted to the head of the subject, 
permits normal respiration, and with which one can read the oxygen con¬ 
sumption directly in a very few minutes. After many trials with this 
apparatus on the members of the staff by R. C. Lee, the apparatus was 
taken by E. L. Fox to the New England Deaconess Hospital where, through 
the kindness of Dr. Elliott P. Joslin and Dr. Howard F. Root, tests were 
made for several days on hospital patients to determine the practicability 
of the apparatus for hospital use and to compare the patient’s personal 
impressions of this apparatus with his impressions of other respiration 
apparatus with which his metabolism had been measured. 

Temperature of expired air —In the belief that one of the most important 
physiological measurements to be studied in the near future is the tempera¬ 
ture of expired air, we have directed considerable attention in the past 
year to comparing the curves obtained with thermo elements, using the 
string galvanometer and the Moll galvanometer. This latter instrument 
makes practicable the rapid measurement of the temperature of the expired 
air. The study has had the skilful attention of V. Coropatchinsky. 

Nitrogen output and respiratory quotient of fasting albino and wild 
rats —The great disparity in ability to withstand fasting shown by the wild 
and the albino rat has led to a study of the katabolism of both animals 
during fasting, with special reference to the storage of carbohydrate, the 
rapidity of assumption of a fat metabolism, and the appearance, if an/, of 
a “pre-mortal rise” in protein metabolism toward the end of fasting. The 
technique employed in this study was in large part developed in association 
with Professor J. M. Petffk of Masaryk University at Brno, Czechoslovakia, 
a visiting Fellow of the Rockefeller Foundation. The experimental work 
was in the hands of E. L. Fox. 
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Metabolism of geese —Studies have been carried out on the forced feeding 
of geese with carbohydrates such as glucose and commeal, with a protein 
such as casein, and with olive oil to note the influence upon metabolism of 
the ingestion of these various nutrients. The study was carried out under 
the direction of V. Coropatchinsky, aided by E. L. Fox, B. James and G. 
Lee. 

Metabolism of small birds —To secure information regarding the sup¬ 
posedly intense metabolic activity of small birds and their normally high 
body temperature, a comprehensive study has been made of the metabolism 
of the canary, as an example of a bird bred and reared in captivity, and, for 
contrast, the captured English sparrow. Special emphasis was laid upon 
the reaction of the heat production and the respiratory quotient to changes 
in environmental temperature. The technical details Were carried out by 
E. L. Fox, assisted by B. James. 

Metabolism of white mice —Thanks to the kindness of Dr. J. W. Schere- 
schewsky of the United States Public Health Service, some white mice were 
obtained from his colony at the Harvard Medical School, and studies were 
made of their metabolism at different temperatures, with special reference 
to the respiratory quotient. These experiments were carried out by E. L. 
Fox and B. James. 

Skin temperature of the incubating python —The unusual occurrence of 
incubation by a python in the National Zoological Park at Washington, 

D. C., was taken advantage of in that a study was made of the environ¬ 
mental and the skin temperature of this animal. The results have been 
incorporated in a large monograph on cold-blooded animals, now in press. 
The study was made by E. L. Fox and V. Coropatchinsky. 

Respiratory exchange of tortoises —To supplement earlier observations 
made at the New York Zoological Park, two South American gopher tor¬ 
toises were studied at the Nutrition Laboratory with special reference to 
body temperature, heart rate, water metabolism, respiratory quotient, and 
heat production. These measurements were carried out by E. L. Fox, V. 
Coropatchinsky and B. James. 

Gaseous metabolism of the python molurus —In the preparation of a report 
on earlier studies with large cold-blooded animals it was essential to make 
further observations, especially with regard to the respiratory quotient of 
snakes. A python was brought to Boston and studied for several weeks. 

E. L. Fox, assisted by B. James, carried out experiments on this animal 
with special reference to the respiratory quotient, the body temperature, 
the water vaporized, and the total metabolism as affected by the variability 
in body and environmental temperature. 

Direct calorimetry with cold-blooded animals —A direct calorimetric study 
made with the python showed that under ordinary conditions all the heat 
produced by the snake was liberated in the water of vaporization, there 
being no sensible heat. The observations were made by V. Coropatchinsky. 

Racial metabolism —There has been a commonly accepted belief that 
adult humans.of all races have the same basal metabolism. This belief 
has been disturbed in the last decade by the finding that some races, 
notably the Orientals, have a predominantly low metabolism and that the 
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Mayas in Yucatan have a metabolism somewhat above the Caucasian stand¬ 
ards. Extensive studies of racial metabolism, with apparatus and technique 
identical in all cases, have been actively carried out the past year. Pro¬ 
fessor Eleanor D. Mason of the Women’s Christian College, Madras, India, 
with special equipment has been furthering her study on the influence of 
sleep upon the metabolism and the influence of the nature of the diet upon 
the urine excretion and the metabolism of Indian women. In this she has 
had the staunch support of the Principal, Dr. Eleanor McDougall. Pro¬ 
fessor C. S. Hicks, of the University of Adelaide in South Australia, has 
prepared his first report of metabolism measurements on Australian natives. 
In China the political unrest has aroused much anxiety, but has not inter¬ 
fered altogether with the collection of scientific data, protocols of observa¬ 
tions having been received from Professor L. G. Kilbom at Chengtu, 
Szechwan. Owing to the complexity in the fusion of races in Hawaii, the 
comprehensive studies of Professor Carey D. Miller of the University of 
Hawaii are still to be continued. The active cooperation of President D. L. 
Crawford has been appreciated. The second Yucatan expedition, in which 
Dr. G. C. Shattuck and Mr. B. L. Bennett of Harvard University made a 
number of basal metabolism measurements on Mayas, confirmed the two 
outstanding findings in the first expedition, namely, the generally high 
metabolism and the frequent appearance of a strikingly low pulse rate. 
The third expedition to Yucatan, in which Dr. and Mrs. Morris Steggerda 
extended the observations of Williams and Shattuck to include a large 
number of subjects each measured on several different days, has been com¬ 
pleted, and the report is being prepared for publication. Dean Stanley D. 
Wilson, of Yenching University, Peiping, China, who spent two weeks at 
the Nutrition Laboratory acquiring our technique, has been provided with 
apparatus to further the metabolism studies on the Chinese. 

EDITORIAL WORK 

As an evidence of the appreciation of Dr. Carpenter’s standing in the 
physiology of nutrition it is a great pleasure to call attention to his election 
to the editorial board of the Journal of Nutrition. 

During the past year a monograph has been prepared on the metabolism 
of snakes, tortoises, lizards and alligators, the material for which we began 
to collect in 1915. The completed manuscript is now in the hands of the 
Division of Publications of the Carnegie Institution of Washington. The 
supervision of the calculations and tabulations (which have occupied the 
major part of the time of the computers and typists of the Nutrition Labora¬ 
tory for a year or more) and the editorial revision of the entire monograph 
have been in the capable hands of Miss Elsie A. Wilson. Other articles 
that are being prepared are: 

Physiology of human respiratory exchange and alveolar air in the post- 
absorptive condition. (T. M. Carpenter and R. C. Lee.) 

Effect of glucose on the physiology of human respiratory exchange and 
alveolar air. (T. M. Carpenter and R. C. Lee.) 

Effect of fructose on the physiology of human respiratory exchange and 
alveolar air. (T. M. Carpenter and R. C. Lee.) 
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Influence of glucose and of fructose on the effective dead space in human 
respiration. (T. M. Carpenter and R. C. Lee.) 

Temperature control of the oxy-caloriraeter. (F. G. Benedict.) 

Metabolism during hypnotic sleep. (J. C. Whitehorn, H. Lundholm and 
F. G. Benedict.) 

Study of the food wasted in homes, restaurants and cafeterias. (A. G. 
Farr and F. G. Benedict.) 

Influence of mental effort upon metabolism. (C. G. Benedict and F. G. 
Benedict.) 

Human insensible perspiration under basal metabolism conditions. (H. 
S. Halcro Wardlaw and F. G. Benedict. This paper is to be presented by 
Dr. Wardlaw at the Centenary Meeting of the British Association for the 
Advancement of Science, to be held in London in September 1931.) 

PUBLICATIONS 

<1) Bin Apparat fur die exahte und schnelle Analyse der Oase aus einer Respiration •- 
hammer . Thorne M. Carpenter, Robert C. Lee, and Anna E. Fmnerty. Wiasen- 
achaftliches Archiv fiir Landwirtschaft, Abt. B, Tierernahrung u. Tierzucht, vol. 
4, pages 1-26 (1930). 

The most recent form of apparatus is described for the exact analysis of 
air containing not more than 1.7 per cent of carbon dioxide, such as occurs 
in a well-ventilated, open-circuit respiration chamber. The accuracy of 
duplicate determinations of carbon dioxide and oxygen is estimated at 
± 0.005 per cent. The apparatus has a mechanical device for the circula¬ 
tion of the potassium pyrogallate solution, which hastens the absorption of 
oxygen. A modification suitable for the determination of methane is 
readily made, when desired. Special precautions in the use of the appara¬ 
tus and rules for testing its accuracy are given, together with examples of 
alcohol and acetone checks. 

(2) Respiratory quotient, alveolar air, and dead space before and after the ingestion of 

glucose and fructose . Thorne M. Carpenter and Robert C. Lee. Amer. Jour. 
Physiol., vol. 97, pages 509-610 (1931). 

Abstract of a paper given at the meeting of the Federation of American 
Societies for Experimental Biology, Montreal, April 10, 1931. 

(3) The fuel of muscular activity of man. Thome M. Carpenter. Journal of Nutrition, 

vol. 4, pages 281-304 (1831). 

A critical review is given of the most important recent investigations on 
the source of energy for muscular work by man, with especial emphasis on 
the effect upon the respiratory quotient of the extra carbon-dioxide elimina¬ 
tion and extra oxygen absorption above the pre-work resting values of the 
respiratory exchange, during the time of muscular work and the subsequent 
periods of return to the pre-work values, according to the methods of 
A. V. Hill and co-workers. The method of study and the principal results 
from each contribution are abstracted. The reviewer’s opinion is expressed 
as to the suitability and adequacy of the particular investigation in ques¬ 
tion, with reference to the methods and as to whether the conditions neces¬ 
sary for the purpose in view are sufficiently fulfilled. The conclusion is 
drawn that the evidence for the exclusive combustion of carbohydrates for 
the performance of muscular work iB not decisive, and that when the store 
of carbohydrate in the body is low, fat is drawn upon without first being 
transformed to carbohydrate. Attention is called to the possible r61e of 
ethyl alcohol as a source of energy for muscular activity, with the conse¬ 
quent revision of recent theories with regard to the supply of fuel for 
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muscular work. The use of an open-circuit respiration apparatus com¬ 
bined with gas analysis is recommended as the best procedure for studies of 
the respiratory exchange during muscular work and subsequent recovery. 

(4) An apparatus for continuous short period measurements of human respiratory exchange 

during rest and muscular work . Thorne M. Carpenter and Edward L. Fox. 

Arbeitsphysiologie, vol. 4, pages 527-531 (1931). 

An apparatus is described that is suited to the measurement of the 
respiratory exchange of man at rest, during the performance of muscular 
work, and during the recovery period after the work is stopped. The 
advantages of the apparatus are that only a small amount of exertion is 
required from the subject to operate valves and to elevate a light, well- 
counterpoised spirometer bell, that a graphic record of the respiration can 
be secured, that a knowledge of the lung ventilation and the composition 
of expired air can be obtained, that no bulky spirometer or bags are 
required, and that the apparatus can be easily assembled from parte that 
are commercially available. The results of an alcohol check are given, 
which illustrate the adaptability of the apparatus to the measurement of 
rapidly shifting levels of metabolism. 

(5) Effect of muscular work upon the respiratory exchange of man after the ingestion of 

glucose and of fructose. I: The respiratory quotient and the mechanics of breath¬ 
ing. Thorne M. Carpenter and Edward L. Fox. Arbeitsphysiologie, vol. 4, pages 

532-569 (1931). 

This and the following publication are based upon the results of the 
measurements of the respiratory exchange of a human subject by means of 
an open-circuit apparatus and analysis of expired air before and after the 
ingestion of 50 grams of glucose or of 50 grams of fructose (1) at rest, (2) 
at the beginning of one hour’s work on a bicycle ergometer at the rate of 
275 kilogrammeters per minute, or (3) at the beginning of half an hour’s 
work at 555 kilogrammeters per minute. All experiments were conducted 
for 2% hours after the ingestion of the sugar. The baseline was determined 
during the hour preceding the sugar ingestion. The study included obser¬ 
vations on the variations in the respiratory quotient during successive 15- 
minute periods, the percentages of carbon dioxide and oxygen in the expired 
air, the total respiratory ventilation, the respiration rate, the volume per 
respiration, and the alveolar carbon dioxide calculated on an assumed dead 
space in breathing. The percentage of carbon dioxide in the expired air 
underwent the smallest changes of any of the factors, particularly in the 
periods of rest and of recovery after the muscular work had ceased. The 
maximum change in the experiments with the ingestion of sugar by the sub¬ 
ject at rest was 0.22 per cent. After one hour’s work at the rate of 275 
kilogrammeters per minute, the values returned to nearly those of the base¬ 
line by the third quarter-hour, and after half an hour’s work at 555 kilo¬ 
grammeters per minute the maximum variation from the values of the 
baseline after the second quarter-hour of recovery was —0.11 per cent. The 
Changes in the total respiratory ventilation, the volume per respiration, and 
the respiration rate tended to follow parallel with tne changes in the 
respiratory quotient during the experiments at rest and in the recovery 
periods after the work ceased. The percentage oxygen deficit of the expired 
air tended to follow in an inverse manner the respiratory quotient during 
rest and during recovery after muscular work. In the two groups of periods 
of muscular activity, the changes in the several factors of the physiology 
of the respiratory exchange showed a relationship to the intensity of the 
work performed, as the increases and decreases in the factors were nearly 
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twice as large in the half hour’s work at 555 kilogrammeters per minute as 
those taking place in the periods of one hour’s work at 275 kilogrammeters 
per minute. 

(6) Effect of muscular work upon the respiratory exchange of man after the ingestion of 
glucose and of fructose . II: Heat production, efficiency, oxygen debt, excess respira¬ 
tory quotient, and metabolism of carbohydrates . Thorne M. Carpenter and Edward 
L. Fox. Arbeitsphysiologie, vol. 4, pages 570-599 (1931). 

This second publication deals with the several quantities mentioned in the 
title, which were derived by calculation from the various factors measured. 
The ingestion of 50 grams each of glucose and of fructose was accompanied 
by an increase in heat production of 12.3 and 10.8 calories, respectively, 
during a period of 2% hours. One hour’s work at 275 kilogrammeters per 
minute and 1% hours of recovery resulted in an increase of 224 calories 
when no sugar was ingested, but when the work was accompanied by the 
ingestion of glucose, there was an additional increase of 5.8 calories, whereas 
with fructose there was an additional increase of 8.4 calories. Thus there 
was a summation of the increase in heat production due to work and due 
to fructose. The experiments with one-half hour’s work gave similar 
results. The efficiency varied from 17 to 18 per cent with the work at 275 
kilogrammeters per minute, and from 18 to 19 per cent with the work at 
555 kilogrammeters per minute. The oxygen debt ranged from 1.6 to 2.6 
liters with the moderate work and from 3.9 to 5.2 liters with the more 
intense work. The respiratory quotient of the excess gaseous exchange in 
muscular work was 0.89 at the slower rate of work and 0.95 at the more 
intense rate during a total of 2% hours of work and recovery. The addi¬ 
tion of 50 grams of glucose produced no significant change with the one 
hour’s work at the slower rate, but with the half hour’s work at the faster 
rate it was 0.99. Fructose raised the respiratory quotient of the excess 
gaseous exchange to 0.97 and 1.01 in the two intensities of muscular work. 
A subtraction of the excess gaseous exchange due to fructose from that due 
to fructose and work resulted in respiratory quotients of excess gaseous 
exchange of 0.89 and 0.92 due to work alone, thus indicating that the excess 
gaseous exchange of work and of fructose are additive. The increases in the 
combustion of carbohydrate due to 50 grams of glucose and of fructose at 
rest were 6.3 and 15.2 grams, respectively. With one hour’s work and no 
sugar, the total increase was 31.9 grams and with half an hour’s work, 
41.8 grams. With the addition of 50 grams of the sugars to the work, 
there was an additional increase of 15 grams in the combustion of carbo¬ 
hydrates with glucose and of 17 grams with fructose in the experiments 
with one hour’s work and of 8 grams and 12 grams, respectively, in the 
experiments with half an hour’s work. The general conclusion is that part 
of the ingested glucose is used for muscular work, whereas when fructose 
is ingested, there is the same additional increase in apparent combustion 
of carbohydrates as occurs after this sugar is taken at rest and that this 
increase is really a transformation of fructose to fat in a manner similar to 
the postulate derived from previous experiments with the ingestion of fruc¬ 
tose at rest. 

(7) Energy metabolism of sheep. Ernest G. Ritzman and Francis G. Benedict. Univ. 
New Hampshire, Agric. Exper. Station, Technical Bulletin 43, June 1930. 23 
pages. 

This bulletin, prepared in large part from results subsequently published 
in German (see abstract No. 17), gives a digest of several years* work on 
the metabolism of sheep. Experiments were made with groups of animals 
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studied at one time in a large respiration chamber. Many observations 
were also carried out on single animals in a smaller chamber suitable for 
individual study. The results point to a much higher metabolism with 
sheep than had hitherto been thought to be the case, in spite of the fact 
that the sheep is well protected by wool against heat loss. 

(8) A helmet for use in clinical studies of gaseous metabolism . Francis G. Benedict. 

New Eng. Jour. Med., vol. 203, pages 150-158 (1930). 

After many years’ experimenting with nearly eveiy variety of breathing 
appliance used for respiration studies, in which special stress was laid upon 
the effect of these appliances on the mechanics of respiration, it was con¬ 
cluded that in order to study accurately the respiratory quotient some other 
form of breathing appliance must be used. The normal respiration inside 
the respiration chamber must be approximated with the breathing appliance, 
because irregular and abnormal respirations immediately affect the respira¬ 
tory quotient. The first experiments were made with a simple form of 
helmet, with which only the carbon-dioxide production was determined. 
Later the helmet gave most satisfactory measurements of oxygen consump¬ 
tion with a closed-circuit apparatus. Now the combined use of the helmet 
and the Carpenter gas-analysis apparatus enables the measurement, with a 
high degree of accuracy, of both the carbon-dioxide production and the 
oxygen consumption. The helmet consists of an inverted chamber much 
like a 12-quart water pail, provided with a celluloid window and closed by 
a bathing cap through which the head can be inserted, the rubber cap 
making an air-tight closure about the neck. Air is withdrawn from the 
helmet by a blower, passes through some suitable absorbent for carbon 
dioxide, and then returns to the chamber. A 6-liter spirometer is con¬ 
nected with the circuit to provide equality in tension with each respiratory 
movement. These movements may be read and measured on a kymograph 
drum. The apparatus has been given the usual control test by burning 
alcohol and likewise the physiological control, i.e., comparing the metabo¬ 
lism of an individual as measured on this type of apparatus with the 
metabolism of the same individual as measured on a different apparatus. 
Much the same results were obtained in both cases. 

(9) Metabolism studies on the wild rat. Francis G. Benedict and Josef M. Petrfk. 

Amer. Jour. Physiol., vol. 94, pages 662-685 (1930). 

The innumerable observations on the albino rat, highly inbred and subject 
to the most careful dietetic and climatic control, led to measurements on 
the wild rat. Special technique, in consideration of its well-known ferocity, 
was necessary. Basal metabolism measurements at environmental temper¬ 
atures of 28° and lower were made, to note the reaction in metabolism to 
temperature of the environment. It was concluded that the wild rat has 
a higher metabolism per unit of weight or of surface area than the albino 
rat. The wild rat’s metabolism increased on the average 4 per cent per 
degree decrease in environmental temperature between 28° and 20° C., as 
compared with an average increase of nearly 6 per cent In the case of the 
albino rat. The wild rat’s resistance to fasting is low. Their length, .of 
life during fasting was usually half that of the albino rat. 

(10) A multiple-chamber respiration apparatus for rats and other small animals . Francis 

G. Benedict. Journal of Nutrition, vol. 3, pages 161-176 (1930). 

The apparatus was designed primarily for a cooperative research on the 
metabolism of albino rats subsequently undertaken in the laboratory of 
Professor Lafayette B. Mendel at Yale University. The apparatus was 
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shown at the Annual Exhibition of the Carnegie Institution in December 
1927. It consists of four separate respiration chambers, each provided with 
a small spirometer, a soda-lime vessel for absorbing the carbon dioxide, 
and a rotary blower for circulating the air. The oxygen consumption is 
measured by introducing periodically pure oxygen from a pump of known 
capacity. The apparatus was tested by alcohol check tests, in which the 
alcohol burned produced carbon dioxide at a rate approximately the same 
as that at which a rat would produce it. The apparatus can be used for 
animals ranging in size from a rat of 60 grams to a giant rat of 600 or 800 
grams. In addition to the apparatus that has been employed in the rat 
studies, two similar apparatus (that is, eight chambers) have been in con¬ 
stant use in the cooperative study with Dr. Riddle on the pigeon. 

(11) Metabolism of the albino rat during prolonged fasting at two different environmental 

temperatures. Kathryn Horst, Lafayette B. Mendel, and Francis G. Benedict. 

Journal of Nutrition, yoI. 3, pages 177-200 (1030). 

In a study of albino rats at 26° and 16° C. it was found that the animals 
fasting at 26° lived on the average for 16% days and lost 49 per cent of 
their initial body weight. At 16° they survived on the average but 11 days 
and lost 44 per cent of their body weight. One animal at 26° fasted 25 
days. Per square meter of body surface, the 24-hour heat production of 
the rats fasting at 26° fell from an initial average of 700 calories to 400 
or 450 calories at the end of the fast. At 16° the heat production calculated 
on this same basis averaged 1260 calories at the twenty-second hour of 
fasting and underwent no material change in 7 days. 

(12) Differential response of male and female ring doves to metabolism measurement at 

higher and lower temperatures. Oscar Riddle, Guinevere Christman, and Francis 

G. Benedict. American Jour. Physiol., vol. 95, pages 111-120 (1930). 

Nearly 600 measurements on males and females of 16 standardized races 
of ring doves, made at 20° and 30° C., show that the metabolism of the male 
undergoes a greater decrease with increase of external temperature than 
does that of the female. 

(13) Standard metabolism of Australian aboriginals . C. Stanton Hicks, R. Francis 

Matters, and Mark L. Mitchell. Australian Jour. Exper. Biol, and Med. Sci., vol. 

8, pages 09-82 (1931). 

This represents the preliminary report of an expedition to a mission 
station in Australia. The basal metabolism of approximately 40 Australian 
aboriginals of the Kokata tribe was determined, 140 separate measurements 
being made. The observations indicated a deviation of —11 per cent in 
the metabolism of the females and of —13 per cent in that of the males 
when compared with Caucasian standards. According to measurements of 
weight and sitting height, the pelidisi was over 100 in 52 per cent of the 
subjects studied. This index of nutritive condition raises the question as 
to whether European standards for computing basal metabolism are applic¬ 
able in these cases. 

(14) E. Oleg. Francis G. Benedict. Science, vol. 73, page 60 (1931). 

A note of appreciation of Professor Gley as a scientist and as an inter¬ 
nationally-minded world citizen. 

(15) Further studies on the basal metabolism of Maya Indians in Yucatan. George C. 

Shattuck and Francis G. Benedict. Amer. Jour. Physiol., vol. 96, pages 513-528 

(1931). 

The finding of Dr. G. D. Williams (see abstract Carnegie Inst Wash. 
Year Book No. 28, page 155, 1928—1929) that a group of 32 male Mayas 
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had a metabolism averaging 5.2 per cent above Caucasian standards was 
so challenging that a second study of these Mayas was made in connection 
with a medical expedition to Yucatan. The technician was carefully 
trained at the Nutrition Laboratory and was successful in securing the 
cooperation of the subjects. In spite of the natural diffidence of these 
Inmans to respiration studies, 26 men were studied, many of them on 
several different days. The basal metabolism on the average was 5.8 per 
cent higher than the Caucasian standards. This percentage deviation is 
practically identical with the +5.2 per cent recorded by Williams. A few 
extraordinarily low pulse rates were also noted, further confirming the 
observations of Williams. This study strengthens the belief that the 
Mayan race is characterized by a low heart rate and a predominantly high 
metabolism. 

(16) Basal metabolism. Part I: What it is; Part II: An indew of vital activity, 

Francis G. Benedict. Carnegie Inst. Wash., News Service Bulletin, School Edition, 
vol. 2, pages 95-102 (1931). 

See account on page 226 of this report. 

(17) Ueber die den Energieumsatz bei Schafen beeinflussenden Faktoren . Francis G. 

Benedict and Ernest G. Ritzman. Wissenschaftliches Archiv fur Landwirtschaft, 
Abt. B., Tierern&hrung u. Tierzucht, vol. 5, pages 1-88 (1931). 

This article discusses the results of a study on sheep carried out at the 
New Hampshire Agricultural Experiment Station over a number of years. 
The various types of respiration apparatus employed are described. The 
heart rate of sheep 7 or 8 hours after food is from 60 to 92 beats per minute. 
The rectal temperature is slightly higher than that of cows or steers, 
ranging from 38.8° to 40.4° C. With fasting the heat production falls, 
until at the end of about 3 days it reaches a constant level. During this 
time the respiratory quotient falls to approximately 0.73. No reaction to 
environmental temperature was noted, for it was found that the temperature 
may go down to 0° without any noticeable influence upon the energy 
metabolism of the sheep. Huddling causes no lessening of the energy 
output. The metabolism during quiet standing is approximately 15 per 
cent higher than that when the sheep is lying quietly. The average heat 
production of sheep 6 months of age or older and bearing a 6-month or 
more growth of fleece, 24 hours after food, corrected for the difference 
between the metabolism during standing and lying, is 1275 calories per 
square meter of body surface per 24 hours. Two or three hours after the 
sheep has eaten a protein-poor hay, its metabolism increases 30 per cent. 
The factors of age, sex and pregnancy were also studied. 

(18) Beat production of sheep under varying conditions. Ernest G. Ritzman and Francis 

G. Benedict. Univ. New Hampshire, Agnc. Expt. Station, Technical Bulletin 45, 
April 1931. 32 pages. 

An English presentation of the data reported in detail in the German 
publication cited above. 

(19) Body temperature and heat regulation of large pythons. Francis G. Benedict aind 

Edward L. Fox. Science, vol. 73, page 538 (1931). 

As the result of comparisons with a large python of the temperature of 
the mouth, the cloaca, the skin, and the environment, as well as observa¬ 
tions on the water of vaporization, it was found that under ordinary condi¬ 
tions all the heat lost by the snake is through the vaporization of water 
and that no sensible heat is given off. 
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(20) Basal metabolism of South Indian women. Eleanor D. Mason and Francis G. Bene* 
diet. Indian Journal of Medical Research, vol. 19, pages 76-98 (1931). 

The basal metabolism of 54 women of South India, of ages varying from 
17 to 31 years, was on the average 17 per cent below the commonly accepted 
standards for Caucasian women. The body weights and the standing 
heights were low by Western standards, but the state of nutrition, as 
indicated by the pelidisi, was normal. The pulse rate averaged 68 beats 
per minute, not significantly different from that of Caucasian women. 
Observations of the respiration rate suggest that it is higher in Indian 
women than in Caucasian women living in India. This higher rate, averag¬ 
ing 19 respirations per minute, was coincident with shallow breathing. 
Probable explanations of the low metabolism may be a definite racial factor, 
a low protein metabolism, tropical conditions of climate, and a state of 
relaxation during repose as complete as that founcjl during sleep among 
Westerners. This study has led to a number of other investigations, which 
are still in progress, dealing with the influence of sleep, the influence of the 
ingestion of protein, and the effect of acclimatization. 



DIVISION OF PLANT BIOLOGY 1 

H. M. Hall, Acting Chaibman 

The activities of the Division of Plant Biology center around two basic 
biologic problems, one concerned with energy transformation in connection 
with living protoplasm, the other having to do with origins, modifications 
and development of life or, in short, with organic evolution. Even these 
two fields, at first seemingly so diverse, have many points of contact, and 
it has become very evident that neither can be properly worked without an 
understanding of the other. 

It is a remarkable fact that among all types of energy transformation 
known to man, that one which is to him perhaps the most important is one 
of which the fundamentals are but vaguely understood. Reference is here 
made to the process of photosynthesis, which includes the series of changes 
taking place in the green plant, whereby solar energy is converted into 
chemical energy, a process which forms the basis of practically all of man’s 
food resources and supplies him also with much of his clothing, shelter and 
fuel. The central laboratory of the Division is especially well constructed 
and equipped for studies in this field, and here notable progress has been 
made during the year. For example, a refined type of calorimeter has 
been devised which will permit the exact measurement of the energy changes 
involved in photosynthesis. A knowledge of the exact chemical structure 
of one of the plant pigments, carotene, is another of the requirements in 
the investigation, and toward it such contributions have come from this and 
other laboratories during the last few years that a complete understanding 
of this complex substance may be predicted for the very near future. The 
close connection between carotene and vitamin A has been discovered 
recently by other investigators and adds value to exact studies on the 
former. The Division laboratory has been of immediately practical assist¬ 
ance in this connection through being able to furnish for study and experi¬ 
ment a pure supply of this pigment prepared according to improved methods 
worked out here. The chemistry of the sugars involved in the photosyn¬ 
thetic process also continues to receive attention, and refined chemical and 
spectroscopic methods have been devised for studies of their molecular 
composition and changes. 

Little attention has been given during the year to the biologic side of 
photosynthesis, but this phase is a part of the program as outlined for the 
immediate future. Its prosecution will connect very closely with studies 
in plant physiology, some now under way and others just being inaugurated 
in connection with the Division’s program. These include studies of com¬ 
position and movement of gases, as also sap transfer to cell and tissue 
structures. The investigations just mentioned have a direct bearing also 
upon studies of organic development. For example, a knowledge of the 
details of wood structure and its variation with environmental and heredi¬ 
tary influences as determined by both microscopic and dendrographic studies 
throws much light upon origins, and is at the same time directly applicable 
in paleo-botanical and taxonomic studies. These details also are needed 
for use in connection with researches under way by members and associates 

1 The Central Laboratory of thia Division is located at Stanford University. 
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of the Division on periodic changes in growth rate which, in turn, are 
associated with seasonal and other cyclic phenomena. 

At the same time that certain members of the staff are thus investigating 
the minute internal structure and physiology of plants, others are concerned 
with external morphology and the origin and development of form, of 
species, and even of groups of species, or communities. This follows from 
increasing recognition that the same basic laws control evolution, whether 
it be the development of a physiological process, of a microscopic structure, 
of a taxonomic group of organisms, or of an ecologic assemblage of plant 
and animal forms. But these studies on origin and development of taxo¬ 
nomic groups and of communities lead one inevitably into the field. Hence 
prosecuted in various parts of America, but especially near the Alpine 
field studies, accompanied by garden and laboratory experiment, are being 
Laboratory in Colorado and along a Sierran transect in California. The 
immediate purpose of these is to determine the diversity within species and 
species-groups and to account for the origin and persistence of this diver¬ 
sity, for only thus can organic evolution be explained. The artificial induc¬ 
tion of change is also receiving attention, especially through the transplant¬ 
ing of individuals into new habitats and through subjection of the plant to 
various external factors. Such modifications are then studied both as to 
the light they throw upon classification and as to their possible role in 
evolution. 

Investigations of desert plants and of adaptations whereby they manage 
to exist and propagate under unfavorable conditions are of high practical 
and scientific value. A knowledge of the principles involved would greatly 
benefit agriculture both in arid and in non-arid regions and at the same time 
supply data of basic importance for an understanding of evolution. Studies 
are therefore being continued at the Desert Laboratory on a variety of 
subjects but the plan is here to focus the Institution’s activities upon what 
appears to be the most important of these, namely, the water relations, 
including water economy. This is receiving attention from such various 
angles as desert rainfall, run-off from various types of soil, delivery of 
water to the plant tissues, protection from excessive loss, and final utiliza¬ 
tion by the protoplasm. In prosecution of these investigations it was 
found that the life history of no single desert species was well understood 
and that it was therefore necessary to begin such detailed study. Covillea, 
the common creosote bush, was selected for the purpose, and most of the 
investigations are now centering around this plant. Progress is reported 
concerning principles underlying its distribution on various types of soil, 
its reproduction, its transpiration, and the relations between soil moisture, 
soluble salts, osmotic values and acidity of sap. 

Facilities for carrying out the researches of the Division are now quite 
satisfactory. At the central laboratory, constructed at Stanford University 
in 1929, only minor improvements have been found necessary and the staff 
members here located have enjoyed uninterrupted opportunity for work in 
laboratory, plant houses and garden. The library and gardens have been 
utilized to some extent also by faculty and advanced students of Stanford 
University, which in a degree reciprocates our use of University facilities. 
Dr. Wm. G. Young, of the University of California at Los Angeles, spent 
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10 weeks during the summer of 1930 in the laboratory, working on reduc¬ 
tion of sugars with aluminum amalgam. Dr. C. W. Niemann, recently 
returned from the University of Heidelberg, was here engaged during the 
spring of 1931 on preparation of terpene derivatives, important in their 
bearing on the structure of carotene. 

Dr. G. Erdtmann, of the University of Stockholm, spent a month at 
Santa Barbara and shorter periods at Berkeley, Stanford University and 
the Desert Laboratory. His visit was devoted primarily to consideration 
of his studies of bog pollens in Sweden and in Alberta, and to discussion of 
the method and principles of paleo-ecology, especially with Dr. Clements. 
The latter took part also in conferences held on the Santa Rita Range 
Reserve in October and in April, and at the exclosures in northern Arizona 
in June, in furtherance of the cooperative researches in grazing, carried on 
by the Institution with the Biological Survey, Forest Service and the 
University of Arizona. 

Dr. Shreve reports upon the work of visiting scientists at the Desert 
Laboratory as follows: Mr. Eric Ashby, of the Imperial College of Science, 
London, a Commonwealth Fellow, spent two months at this laboratory, 
investigating the anatomy and transpiratory apparatus of Covillea; Mr. 
Philip Blossom, of the University of Michigan, occupied eight months on 
investigations of the habits and local distribution of small rodents; Mr. 
F. M. Henry, of San Francisco, spent four months in an investigation of the 
physiological effects of high frequency currents; Mr. E. H. Runyon, of the 
University of Cincinnati, continued for three months his investigations on 
the establishment and foliar water of Covillea; Dr. Earl Working, of the 
Kansas Agricultural College, collaborated with Dr. MacDougal in his work 
on the gases in the wood of trees; Dr. E. J. Kraus, of the University of 
Chicago, accompanied by three advanced students, spent two weeks here 
and made several field trips with members of the laboratory staff; and a 
considerable number of other scientists from various parts of the world 
visited the laboratory for shorter periods in connection with their studies. 

GROWTH 

Scope of Dendbogbaphic Studies, by D. T. MacDougal 

The dendrograph is being used to record changes in diameter of about 
thirty trees at the Desert Laboratory and at Carmel. The main variations 
are chiefly those resulting from the activities of cambium layers. The 
records also show daily and seasonal variations attributable to hydration 
and desiccation of the cells and to the tensions in the hydrostatic system. 

A system of making radiographs of stems has been developed, by which 
the permanent results of minute variations in growth are detectable. The 
ordinary dendrographic records made by trained observers are found to 
show errors no greater than one part in a thousand, a precision not to be 
exceeded by microscopic measurements. * 

Some difficulty is being encountered in making adequate continuous 
records of temperatures of cambium. Results with mercurial thermometers 
are given in a separate section. 

Permanent increase in size of a tree results from the activities of green 
surfaces in light. Measurements to determine the total green surfaces of 
some trees are being made. The leaf-count of one Monterey pine tree 
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10 cm. in diameter and 11 meters high was found to show 151,000 leaves; 
a second tree, 16 years old, 21 cm. in diameter and 10 meters high, showed a 
count of 1,061,500 leaves. The average surface of single leaves has been 
found to be about 109 sq. mm. These figures have been used in making 
estimates of the green surfaces of older and larger trees. 

The continuous record of one tree to date was begun in 1918, and records 
of several trees have been kept for a decade. Such records are essentially 
histories of the performances of sheets of cambium and constitute the most 
extensive measurements of growth ever made. 

Localized Activity of Cambium, by D. T. MacDouqal 

The dendrographic records in the equable climate of Carmel, California, 
show that the entire sheet of the cambium cylinder of a Monterey pine 
does not go into action simultaneously at the beginning of a growing season. 
The terminals of some species awaken before the cambium; in others the 
base of the trunk may show enlargement first, while in some the traditional 
beginning of growth may be observed in the branches and upper part of 
the trunk. 

Exetreme specialization in this action in a desert bean tree (Parkinsonia 
miarophylla) is now confirmed by observations of three seasons. A dendro- 
graph was attached to the smooth trunk of a tree near the Desert Labora¬ 
tory in February 1929. No growth increments in the diameter measured 
have taken place in the summer season of 1929, 1930 or 1931, although a 
large number of the terminals have elongated every year and thickening of 
some of the branches over lengths of a meter or more occurred every year. 

Trees 13 to 20 cm. in diameter have been estimated, on the basis of the 
number of layers in the wood, to be three or four hundred years old. It is 
obvious that if the tree does not form a layer every year, such estimates are 
far too small. Over two-fifths of the total volume of the trunks of such 
trees are made up of living cells. Some of these have been taken to be 
two centuries old, or more. It is probable that the trunks of large trees of 
this species may include living cells of an age two or three times the period 
indicated. 

It is evident that in such trees growth of the points or buds does not 
result in sending stuff or hormones to activate the cambium. It seems 
highly probable that the correlations of this sheet of embryonic material 
are concerned more closely with the masses of enduring living cells in the 
trunk. 

Ratio of Wood formed to Photosynthetic Subface, by D. T. MacDougal 

On the basis of information obtained from leaf-counts of several trees 
having as many as a million leaves, some estimates of the total number on 
trees of all sizes were made. 

Monterey pine No. 1 has about 4,000,000 needles. It is assumed that it 
has maintained about this number for the preceding twelve years. The 
yearly replacements are estimated to amount to about 1,300,000. Trees 
of this species accumulate very little surplus carbohydrate material, so that 
the amount of wood formed every season is a fair index of the photosyn¬ 
thetic activity. Seasonal activity may be expressed in terms of thickness 
of the wood formed as a layer on the green surfaces. Tree No. 1 formed 
an amount of wood in 1919 that would make a layer 0.027 mm. in thickness 
on the green*surfaces; in 1921 the thickness was 0.036 mm.; 1922, 0.024 
mm.; 1923,0.017 mm.; 1924,0.007 mm.; 1925,0.022 mm.; 1926,0.0224 mm.; 
1927, 0.022 mm.; 1928, 0.016 mm.; 1929, 0.026 mm. 
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Monterey pine No. 17, which has shown a vigorous development, was 
estimated to have had 3,000,000 leaves in 1930. Yearly replacements were 
calculated at 250,000 in 1923 and at nearly a million in 1930. The wood 
formed in 1923 would have made a layer 0.043 mm. in thickness in 1923; 
0.07 mm. in 1924; 1925, 0.067 mm.; 1926, 0.09 mm.; 1927,0.067 mm.; 1928, 
0.061 mm. 

The actual production of the green surfaces in No. 17 are seen to be two 
or three times as great as in No. 1. This is to be ascribed to the fact that 
the soil moisture conditions around its roots made wood formation possible 
during almost the entire year. 1 Growth was continuous for one period of 
three years. 

A Study of Significance of Pine Bark Thickness in Dendbogbafhy, 

by Febdinand W. Haasis 

It has been the practice in setting up a dendrograph to seat the contact 
points on an area in which the bark has been thinned down to a thickness 
of about 1 mm. outside the cambium layer.* If this layer of bark were 
to swell appreciably when it became moist, the dendrographic records would 
obviously show an increase due to this cause, and duplicate instruments with 
contacts on different thicknesses of bark ought to show differences in amount 
of such increase. A second dendrograph was therefore attached to a Mont¬ 
erey pine of the dendrographic series, with contacts on the outside surface 
of the 1.5-cm. bark. Care was taken to make the set-up of this instrument 
very similar to that of the one already in place. It was placed 7 dm. above 
the latter, the diameters measured making an angle of about 15° with one 
another, and the magnifications being the same. This accessory instru¬ 
ment was operated for seven weeks during January and February 1931. 
While the graphs made by the two instruments are not absolutely identical, 
their agreement is surprisingly close. 

If water is absorbed to an appreciable extent from the outside, then the 
instrument with contacts seated on the thicker bark would be expected to 
record greater fluctuations with alternating periods of moist and dry air 
than that with contacts on the thinner bark. If, on the other hand, the 
intact bark were resistant to wetting while the exposed bark were not, 
difference in amount of fluctuation would still be expected. The conclusion 
accordingly emerges that swelling of the bark due to absorption of external 
moisture is accountable for a very small part of the diametral increase 
which is associated with rainy or fo gg y weather. 

Seasonal Shrinkage of Tree, by Ferdinand W. Haasis 

It has for some time been a matter of observation that trees of Monterey 
pine growing at the Coastal Laboratory show a notable increase in diameter 
in the late fall or early winter months, apparently preceding the beginning 
of new spring growth. 

Detailed analysis of the dendrographic records reveals that this swelling 
is preceded by a progressive contraction of the trunk during the dry weather 
of summer and fall which is characteristic of the region. Similar shrink¬ 
age, indeed, occurred during the unusually dry spring of 1931. With the 
advent of rain—or sometimes in foggy weather—such changes in diameter 
may be checked or reversed. The fall or winter swelling is accordingly 

1 D. T. MacDougal, Lengthened growth periodt and continuous growth, Proc. Amer. Phil. 
Soc.. 69, 329-340, 1930. 

* D. T. MacDougal, Growth in trees, Carnegie Inat. Wash. Pub. No. 307, 37-38, 1921. 
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obviously to be ascribed to rehydration of the desiccated stem, and probably 
is not connected with cell division. 

Seasonal variations of this type have been recorded, also, for redwood, 
oak (Quercus kypoleuca) and walnut (Jwglam major). A plant of Dra- 
c»a, growing in a tub, suffered similar shrinkage when water was withheld. 

Such seasonal variations are evidently closely related to Dr. MacDougal’s 
previously described diurnal fluctuations. Chief among the conditions 
affecting shrinkage and rehydration are the evaporating power of the air 
(dependent upon atmospheric humidity, temperature, and wind movement), 
and the amount of soil moisture available. Apparently the latter is the 
more significant from the standpoint of seasonal fluctuations. In this con¬ 
nection it is of interest to note that the soil moisture content at a depth of 
30 cm. on the dune at the Coastal Laboratory fell to about 6 per cent in 
October 1930, and still lower in May 1931. Even at, the base of the dune, 
in a swampy spot, the moisture content in May was down to 11 per cent. 

Reversible Variations in Diameter of Woody Cylinders of Trees, 

by Ferdinand W. Haasis 

In 1924 Dr. MacDougal reported the results of an experiment performed 
to ascertain the amount of diurnal fluctuation in diameter of the woody 
cylinder of a pine tree. 1 In this experiment the contacts were seated on 
sap wood layers two or three years old. More recently, studies have been 
made of variations in a woody cylinder having half the diameter of the tree. 
In this case a second dendrograph was attached to a tree already under 
observation. To complete the analysis, a third dendrograph has been 
placed, with contacts on the recently formed wood. 

This tree, fairly well supplied with water, showed steady growth during 
the spring of 1931. The larger woody cylinder exhibited similar diametral 
increases, though to a lesser degree. In the case of the inner cylinder, how¬ 
ever, the seasonal movement during the spring has been in the opposite 
direction. The heartwood was apparently shrinking while the tree as a 
whole and the entire woody cylinder (heartwood plus sapwood) were 
swelling. 

The coefficient of fluctuation in the smaller cylinder is of course less than 
that of the entire woody cylinder, and of this in turn less than that of the 
whole stem. With the exception of a few as yet unexplained abnormalities, 
the daily pattern of variation as recorded by all three instruments is essen¬ 
tially the same. 

Records obtained with an instrument recently installed with bearings 5 
cm. within a redwood tree indicated that the same relations probably hold 
true in the case of this species also. 

Cambial Temperatures, by Ferdinand W. Haasis 

Records of cambium temperatures have been continued by means of 
small thermometers set on a slant into the tree with the bulb partly in bark 
and partly in wood, temperatures being read when convenient. Such obser¬ 
vations have been made for three trees of Monterey pine and two redwoods. 
The lowest temperatures observed were 0.5° C. for pine and 3.5° for red¬ 
wood, both in December. No new maxima were recorded greater than the 
earlier figures of 26.5° for pine, in September, and 22° for redwood, in June. 

1 D. T. MacDougal and F. Shreve, Growth in trees and massive organs of plants, Carnegie 
Inst. Wash. Pub. No. 350, 41-42, 1924. 
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In general the temperature of the cambium follows that of the air, but 
does not reach the same extremes. The following series of readings made 
in December affords an example of these relations: 



A. M. 

P. M. 

Time. 

Air Temperature °C... 
Cambium Temperature 

0 C. 

8.05 

2.2 

2.8 

8.25 

3.5 

3.0 

10.40 

11.9 

6.8 

11.25 

12.8 

7.0 

1.20 

13.9 

9.1 

2.25 

13.9 

9.7 

3.35 

12.9 

9.8 

4.30 

9.2 

9.1 

7.30 

3.1 

6.0 


A. M. 

P. M. 

Time... 

Air Temperature °C. 


8.05 

1.8 

8.50 

3.7 

9.25 

5.6 


11.40 

11.4 


2.20 

11.4 


■ 

■ 


■ 

P. M. 

B 


Tim«. 




S 

2.50 

11.3 

3.15 

11.3 

B 


Air Temperature 

° C. 

Bj 

H Bj 






■ 

H 


| 

■ 



A. M. 

P. M. 

Time. 

Cambium Tem¬ 
perature ° C.. 

6.20 

2.2 

8.05 

2.2 

8.50 

2.8 

9.25 

3.2 

10.20 

4.8 

11.40 

7.0 

1.10 

8.0 

2.20 

8.3 


3.15 

8.4 


P. M. 

A. M. 

Time. 

Air Temperature 0 C.. 
Cambium Temper¬ 
ature ° C. 



6.10 

7.1 

6.9 

6.10 

-1.0 

+1.8 

B 

8.55 

+1.0 

+1.2 



10.10 

8.0 

3.2 


A. M. 

P. M. 

Time. 

Air Temperature 0 C. 

Cambium Temperature ° C. 

10.30 

8.9 

3.8 

11.10 

9.8 

4.8 

1.20 

11.2 

6.8 

4.50 

8.5 

7.3 

6.45 

4.2 

5.2 


There is an indication that when the air temperature begins to change 
after reaching a day’s extreme, the cambium temperature may sometimes 
begin to change similarly before the two become identical. The recorded 
temperatures show, for example, on December 19 a cambium temperature 
lower than the air temperature at 4 h 15“ p.m., and again lower than the air 
temperature at 6 h 10“. Further study is needed to establish or disprove this 
apparent phenomenon. 

It has been observed that the Monterey pine ceases growth when the 
cambium reaches a temperature of 8°C. From the above figures it will be 
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noted that on two days in December the duration of temperatures above 8° 
was five hours and three and one-half hours respectively. Such tempera¬ 
tures, of course, occurred during the middle of the day when transpiration 
was most active. It is possible, therefore, that growth can not take place 
when temperatures are favorable only during the day time. It appears, 
also, that while growth ceases in the autumn when the night temperatures 
fall below 8°, it does not at once begin in the spring when the temperature 
of tree cambium rises to 8®. 

Reversible Variations in Monocotyledonous Stems, 
by Ferdinand W. Haasis 

Explanations of the mechanism of the daily and seasonal reversible 
variations in stems have been based upon anatomical features of dicoty¬ 
ledonous stems. For purposes of comparison, some depdrographic measure¬ 
ments have been made of a tree lily ( Dracaena ) and of the stalk of maize. 

The records of Dracaena show diurnal fluctuations essentially paralleling 
those of the pines and other woody trees which have been studied. When 
water was withheld from the plant, shrinkage occurred like that which has 
been noted for various exogens; and when water was applied about the base 
of the tree, swelling of the stem promptly took place. 

Reversible variations are found to be essentially the same in maize as in 
the Dracaena and ordinary types of trees. In general, the plant has a 
tendency to contract during the warm part of the day, and when the soil 
moisture supply is becoming depleted, and to swell at night and subsequent 
to irrigation. 

Period of Leaf Elongation in Monterey Pine, by Ferdinand W. Haasis 

The belief generally held that the needle-like leaves of the pine attain 
full dimensions, especially length, has been disturbed by G. Kraus, and 
recently by MacDougal in observations on the Monterey pine. Dr. J. E. 
Lodewick has found that the leaves of the long-leaf pine make a notable 
elongation during the second season (privately reported). 

This matter becoming of importance in connection with the measurement 
of the effectiveness of photosynthetic surfaces, a new set of observations 
were begun at Carmel. Beginning in October 1930, measurements of about 
300 leaves of the 1930 suite were made. No elongations had been found by 
June 1, 1930. The season was one of deficient moisture and the observa¬ 
tions must be continued to get decisive results. 

Gases in Tree Trunks, by Earl B. Working 

Analysis of the gases in tree trunks was continued at Tucson, using a 
Parkinsonia microphylla near the laboratory, a Populus macdougalii near 
the office, and a Juglans major and another P. macdougalii in Pima canyon 
about a mile above the canyon mouth. Single analyses were also made on 
J. major and P. tremuloidee near the summit of Mount Lemmon. At places 
not readily accessible, sample tubes holding only 50 ml. were used and thus 
the amount of mercury required at the tree was considerably reduced. A 
special gas-analysis apparatus was designed to conveniently analyze sam¬ 
ples of from 5 to 15 ml. of gas, allowing triplicate analyses from the 50 ml. 
tubes. The chamber of the Van Slyke blood gas apparatus can be used 
interchangeably with the chamber of this apparatus, and with it samples 
as small as 1 of 2 ml. can be analyzed with an acuracy high enough for most 
purposes. 
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Since in many cases the sum of the oxygen and carbon dioxide found 
was less than that of normal air, search was made for other gases. Heating 
to 800°C. with copper oxide indicated the absence of hydrogen or carbon 
monoxide. There was no reduction in volume after passing the gas over 
the glowing platinum spiral of the slow combustion pipette, giving evidence 
of the absence of measurable quantities of hydrocarbons. The failure of 
bromine water to absorb any gas gave additional proof of the absence of 
unsaturated hydrocarbons. In the absence of unsaturated hydrocarbons, a 
solution of phosphoric anhydride in ordinary concentrated sulphuric acid 
proved to be a convenient, rapid and entirely satisfactory means of absorb¬ 
ing the water vapor quantitatively. The water vapor found was consist¬ 
ently slightly lower than the vapor pressure of pure water at the tempera¬ 
ture prevailing within the tree when the sample was taken. Finally, 
nitrogen was determined by passing the gas over metallic magnesium 
heated in a quartz tube to about 900°C. The ratio of nitrogen to inert gas 
corresponded closely with that in air, and the sum of the two accounted, 
within a reasonable experimental error, for all gas other than oxygen, carbon 
dioxide and water vapor. 

One development new to the work this year was the observation of unex¬ 
pectedly low percentages of oxygen in gases from Populus. Samples taken 
in October showed regularly 5 to 6 per cent carbon dioxide and only about 
5 per cent oxygen. Samples which had been taken in August 1929, and 
carefully preserved showed carbon dioxide varying from 8 to 12 per cent 
and oxygen from 2.8 to 5 per cent. In the spring, none of the samples taken 
from a new bore showed abnormally low oxygen, but in the case of a new 
bore made at 10 a.m. March 27, a sample taken from 7 p.m. March 28 to 
7 a.m. March 29 showed 4.4 per cent carbon dioxide and 5 per cent oxygen. 
By the time a bore was a week old it always gave gas with a very low 
oxygen content, and from older bores it was usually impossible to find any 
oxygen at all. In most cases where no oxygen was found, considerable sap 
had been drawn into the sample tube, and this may have combined with the 
last traces of oxygen. 

The study of these results, which are a continuation of analyses begun in 
1925, is expected to make possible the determination of the origin of the 
oxygen and carbon dioxide in tree trunks, and to identify the main factors 
affecting the proportions in which they are found. Among the more impor¬ 
tant implications are those concerning the passage of carbon dioxide to 
green cells in the sap, the metabolic activities of the deeply imbedded living 
cells as deduced from the gases given off, and the effect of the gas mixtures 
noted upon such living cells. 

PHOTOSYNTHESIS AND CARBOHYDRATE CHEMISTRY 
Thermal Effects in Photosynthesis, by James H. C. Smith 

Early investigators found that the rate of photosynthesis is controlled 
both by external and internal factors. The influence of the external condi¬ 
tions has been extensively investigated because such factors as intensity 
and wave length of light, temperature and carbon dioxide concentration are 
easily changed and controlled. The influence of the internal factors has not 
been studied so extensively, however, because ways and means have not 
been found for controlling independently such intrinsic elements as pigments 
and pigment concentrations, size of chloroplast, orientation of chloroplasts, 
stomatal openings, sugar concentration, enzymic factors, etc. Any method, 
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therefore, which will make possible even a partial analysis of the internal 
processes of the plant during photosynthesis will be extremely valuable. 

The photosynthetic process as a whole is endothermic. Nevertheless, 
there is some indication that there may be steps in the process which them¬ 
selves are exothermic. By analyzing the heat effects at various stages in 
the process, it is anticipated that a clearer insight into the internal mechan¬ 
ism of the photosynthetic phenomenon can be obtained. A program of 
research has been initiated which has as its object the study of the thermal 
effects occurring in photosynthesis under various conditions. These thermal 
effects are indications of the chemical reactions occurring in the chlorophyl- 
lous cell and they offer a means for analyzing the reactions which constitute 
the photosynthetic process. 

This problem necessitates the construction of a calorimeter which will 
measure the heat effects of both the chemical and the ^photochemical reac¬ 
tions involved. These heat effects are small; consequently an apparatus of 
great sensitivity is required. During the year several types of calorimeters 
have been built and tested. As a result of these experiments it has been 
concluded that a modification of the adiabatic calorimeter is best suited to 
the problem. Work is still in progress on the construction of adequate 
calorimetric apparatus. 

Investigations on Carotene, by J. H. C. Smith, H. H. Strain and 

H. W. Milner 

Carotene is one of the pigments in the chloroplast and is closely asso¬ 
ciated with chlorophyll. In order to determine its possible role in photo¬ 
synthesis it is necessary to know its constitution and its physical and 
chemical properties. 

Carotene has been found to be a hydrocarbon represented by the formula, 
C« 0 H m , and may be pictured in the following way: 

CH, CH, CH, CH, 

HI HHH [HHH I HHH | HH 
(Ci 0 H 16 ) « C-C-C-C=C - 6-C-C« C-C» C-C-C-C-C-C-(C 10 H m ) 

It contains a long chain of carbon atoms connected by alternate single 
and double bonds and two terpene-like groups, Ci 0 H 1# , the structures of 
which are not known. At the present time the general nature of the long 
chain system is known, but further knowledge of the nature of the terpene- 
like groups is essential to complete the picture. 

The constitution of a complex molecule can be determined by splitting it 
into a number of smaller molecules. These are simpler compounds. By 
determining the nature of these fragments and arranging them in such a 
way as to account for the known chemical properties of the original com¬ 
pound, a definite structure can be assigned to it. Compounds containing 
double bonds, such as carotene, can be split easily by the action of ozone. 
By this means, carotene and its partially hydrogenated derivative, dihydro¬ 
carotene, have been broken into a number of smaller fragments, the nature 
of some of which has been determined. These have given indication of the 
structure of the terpene-like groups in carotene. The identity of all of 
these fragments has not been determined as yet, and considerable more 
work is required to establish their nature and show the relationship they 
bear to each other in the structure of the carotene molecule. 

The color of a compound of this nature is ascribed to the presence of the 
system of alternate double bonds. By hydrogenation of the molecule, the 
number of double bonds is decreased. As the number of double bonds de- 
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creases, the color of the compound also changes and this is measured by 
observing what portion of white light is absorbed, in other words through 
observing its absorption spectrum. From the study of such absorption 
spectra information can be obtained concerning the number and position of 
the double bonds. 

Carotene has been shown to absorb most strongly in the blue portion of 
the spectrum, i.e., at 480m/*. Carotene plus two hydrogen atoms, dihydro¬ 
carotene, has its maximum absorption in the near ultra violet, 315m/*. 
Carotene which has added 20 hydrogen atoms, eikosahydro-carotene, is 
colorless but has an absorption band in the ultra violet at 238m/*. This 
shows the remarkable regularity in the change of absorption with increased 
hydrogenation and indicates that there is yet one unsaturated linkage in 
eikosahydro-carotene. 

Carotene has attained considerable physiological importance in the last 
two years due to its apparent relationship to vitamine A. One of the prob¬ 
lems to be solved is whether the vitamine activity is a property of the 
carotene molecule or whether it is due to impurities which may be asso¬ 
ciated with carotene. One manner of deciding this question is to determine 
whether or not the physiological activity is the same for all samples of 
carotene. 

For the purpose of investigating this relationship to vitamine A by means 
of physiological and other experimental methods, a number of investigators 
have been supplied with carotene and its derivatives which have been pre¬ 
pared in this laboratory. Parke, Davis & Co., Detroit, Michigan, have 
been able to confirm the results of other investigators by means of samples 
of carotene supplied them. For spectroscopic analysis in relation to vita¬ 
mine A, a small sample of carotene has been supplied Dr. W. R. Brode of 
Ohio State University, who has reported his results in the Journal of Bio¬ 
logical Chemistry (vol. 92, p. 89, 1931). Dihydrocarotene was supplied 
Dr. Thomas Moore of Cambridge, England, who is testing the vitamine' 
activity of this material. 

The researches on the structure and properties of carotene have necessi¬ 
tated the preparation of relatively large quantities of the pure pigment. 
The chief source has been carrots, of which about 6000 pounds have been 
prepared and extracted, yielding over 100 grams of recrystallized carotene. 
Other plants from which this pigment can be obtained are now being grown 
in the gardens of the station at Stanford University. The special chemical 
equipment recently constructed for the preparation of plant products has 
proved to be very useful in this work. 

Preparation of Methyl Glyoxal by H. H. Strain 

Because of the importance attached to methyl glyoxal in sugar metabo¬ 
lism a convenient method for its preparation is highly desirable. Only 
recently has such a method been found. The new method consists in oxi¬ 
dizing propylene diol-1,2 by passing the vapors (at reduced pressure, 2-3 
mm. ) over copper oxide at 300°C. While the methyl glyoxal is obtained in 
40 per cent yields, as determined by precipitation of its m-nitrobeqco- 
hydrazide, as yet it has not been obtained in a state of absolute purity. 

Material has been supplied Professor W. H. Dore, University of Cali¬ 
fornia, for an investigation on the X-ray crystal patterns of the those 
sugars. The photographs show that perfectly definite patterns can be ob¬ 
tained by the powdered crystal method for both glyceraldehyde and dihy- 
droxyacetone. This work is being continued. 
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Ultra-violet Absorption Spectra of Certain Phenyl Osazones, 
by H. W. Milner, H. H. Strain and J. H. C. Smith 

Considerable effort has been spent in attempting to find a method for the 
identification of individual sugars in mixtures of carbohydrates. For the 
most part chemical methods have been used, but they have been found to 
be inadequate. To supplement these, physical methods have been investi¬ 
gated, which would more quickly and easily identify these sugars. One 
possible method would be through the use of spectroscopy, for oftentimes 
absorption spectra are highly characteristic. 

Since the phenyl osazones of the sugars are easily prepared and have 
been used extensively in separating sugars from their mixtures, it seemed 
probable that identification of the individuals might be made through their 
characteristic absorption spectra. Previously the absorption of light in the 
visible region of the spectrum was shown to be so similar for the different 
phenyl osazones that no identification of individual members could be made, 
but it was still hoped that the ultra-violet absorption might be specific for 
certain of these compounds. By determining the absorption spectra of a 
number of these derivatives in the ultra violet it has been found that while 
the absorption spectra of the class of compounds, the sugar phenyl osazones, 
is specific, the absorption bands for all the individuals examined lie so close 
to one another as to be indistinguishable. 

Utilization of Triose Sugars, dihydroxyacetone and d,1-glyceraldb- 
hyde, in Starch Formation by Leaves, by H. H. Strain 

Several years ago it was reported that starch-free bean leaves were inca¬ 
pable of producing starch from dihydroxyacetone when the freshly severed 
petioles were placed in 5 per cent solutions of this triose sugar and kept in 
the dark. At that time potassium bicarbonate was added to the sugar solu¬ 
tions because of its buffer action and other beneficial effects. Subsequently 
it was found that dihydroxyacetone was quite unstable in salt solutions, 
which suggested that the salts might have produced the previous negative 
results. Accordingly the experiments were repeated, using distilled water 
containing very pure dihydroxyacetone. In such experiments, dihydroxy¬ 
acetone always produced starch. The other triose sugar, glyceraldehyde, 
was found to produce starch quite as readily as the common sugars glucose 
and sucrose. Similar experiments performed with hollyhock and nasturtium 
leaves yielded identical results. 

EXPERIMENTAL TAXONOMY 

By H. M. Hall, D. D. Keck and Wm. M. Heusi 

Composition of Species 

The species has been generally accepted as an important if not indeed the 
central unit in studies of organic evolution. A knowledge of its limits and 
especially of its composition is therefore a prime requisite, and for this 
reason the activities of the section of experimental taxonomy are centering 
more and more definitely around a study of species composition. These 
investigations begin with herbarium material, since this has been con¬ 
veniently assembled from widely separated stations and is immediately 
available for study. But these available specimens are after all only sam¬ 
ples taken at ipndom and fail to give a complete picture of the variations 
composing even the most common of species. The next step, therefore, is to 
make our own field excursions. By limiting one’s interests to a few selected 
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plant groups it is possible to give detailed attention (1) to each species as 
a whole, (2) to the smaller units within each of these species, (3) to the 
differentiating characters, and (4) to natural distribution and environment. 
Samples are taken in the form of herbarium specimens and living plants, 
but more important is the knowledge gained from direct observation in the 
field and of which the specimens represent only selected items. 

The result of these herbarium and field studies has been to demonstrate 
clearly a remarkable diversity among the taxonomist’s species, both as to 
limitation and as to composition. Certain ones are very definitely limited, 
and although of wide distribution they exhibit a uniformity of composition 
throughout their entire range. Others, some even of limited distribution, 
pass into neighboring species and are themselves composed of innumerable 
variations. Examples have been given detailed treatment in the mono¬ 
graphic and other taxonomic contributions from this section, and the four 
plant-groups now receiving special study are yielding similar results. In 
the Madin®, a subtribe of the sunflower family, Hemizonia tenella, H. 
wheeled, Madia madioides and Achyrachaena mollis are complacent, stable 
species of simple composition. On the other hand, Hemizonia pungens pre¬ 
sents at least 50 forms of evolutionary significance, H. congesta has been 
found to include several hundred such units, and other species are almost 
equally complex. The genus Penstemon is receiving special study by Keck, 
who reports that in section Saccanthera about 50 per cent of the species 
would be classed as stable, while the remainder are from moderately to 
strongly variable. Zauschneria, a genus of the Onagraceae, might be called 
monotypic if the very extensive series of intergrading biotypes was merged 
under one specific name. Although 20 "species” have been named in this 
group there are no isolated morphologic entities that make clear-cut units, 
and the species proposed represent arbitrary groups of biotypes cut from 
the general swarm. The genus consists of a large population exhibiting 
numerous morphologic variations, these often presenting an all too indis¬ 
tinct geographic-morphologic correlation. A similar situation holds in the 
last of our four groups, namely the Drymocallis section of Potentilla. Here 
the number of small forms runs into the thousands with no clear assemblage 
into species, and the interplay of obscure genetic and ecologic factors is so 
complex that it is planned to study this assemblage in much more detail 
than any of the others. 

Evolutionary Significance of “Small Species” 

Intermediate or weakly differentiated forms, such as those just now men¬ 
tioned, are the "small species” of refined taxonomy. They are the despair 
of the taxonomist but the hope of the evolutionist. The greater the number 
and the smaller the differences between them, the more valuable they be¬ 
come as indicating stages in an evolutionary sequence. Hence if one is 
concerned with a demonstration or a proof of organic development it is with 
these small units that he must deal, and conversely the well differentiated 
and stable species yield only examples of the product of a theoretical 
process. The pure taxonomist, also, can not confine himself to the large 
groupings, for his goal is the classification of all forms of life and he is 
therefore obliged to develop methods for the proper grouping of even the 
smallest units and for expressing the natural relationships between them. 
These considerations have led in our own work to acceptance of a rather 
wide species concept, to the setting up of subspecies where the component 
forms group themselves into natural assemblages of evolutionary signifi- 
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cance, and to the admission that usually within these subspecies there are 
few to multitudinous strains, ecotypes, and other groupings of high import. 
The study of these minor variations leads directly to ecologic and genetic 
concepts and methods, as will be discussed in the following paragraphs. 

Experimental Methods Differentiate Between Effect of Heredity 

and of Environment 

For purposes of classification, no distinction is more fundamental than 
the one between hereditary forms or characters and those due to temporary 
influence of habitat. Few modern taxonomists would accept as criteria 
characters known to be the immediate result of environment and therefore 
reversible; yet the recognition of such characters as distinct from those due 
to heredity is left almost universally to individual judgment. A positive, 
objective test can be supplied only by experiment. Such, for example, is the 
test of genetic analysis, but this is long, laborious and sometimes indecisive. 
Much more direct is the ecologic method of bringing together into a uniform 
environment series of individuals, some with and some without the charac¬ 
ter in question but otherwise quite similar. Persistence of this single differ¬ 
ence then indicates its fixed or hereditary quality, while its disappearance 
at once discloses its ephemeral nature and hence its lack of value for pur¬ 
poses of classification. 

An important consideration in this connection is the possibility that dif¬ 
ferences may become gradually strengthened and ultimately fixed through 
repeated exposure to the same environmental contact. Such process would 
then be expected to reverse itself when the differentiated organisms are 
brought to a uniform habitat (although this need not necessarily be the 
case). This possibility is constantly borne in mind, but it can be said that 
although many of our transplants have been in place for eight years there 
is no evidence thus far of increased or accumulated change. In every in¬ 
stance the character under observation either has become modified in the 
first or second season or has remained constant throughout the entire period. 

The uniform-habitat method of experiment is yielding results of high 
value for classification of the four main groups of plants under investigation 
and also for the information it gives concerning processes of evolution. In 
the Madin® practically all of the 80 or 90 species are being brought into 
cultivation, and for a single species as many as 100 forms are sometimes 
grown. In connection with the central laboratory at Stanford University 
there are now provided four different environmental complexes in gardens 
and glass-house, and in each of these 5 to 20 individuals of each of the con¬ 
trasting forms are grown, so that there are over 3000 of these annual plants 
under observation. Thus fixity of difference is tested not only in one but in 
several habitats. The first result is to eliminate difference due to local field 
conditions and especially to effect of disease or insects. The next is the 
recognition of ecotypes and other fixed variants within the species. The 
most remarkable case is of Hemizonia pungens which, although treated as a 
single species by most taxonomists, yields in a single season 30 fixed, natu¬ 
ral forms, some of which are so unlike when growing side by side as seem¬ 
ingly to call for specific segregation by even the most conservative. An 
endeavor is under way to correlate the forms with geographic distribution 
and to so designate them as to permit of their classification without con¬ 
fusing the present taxonomic nomenclature. Results of similar experiments 
on other species of Madin® throw light upon relation of climate to setting 
of seed, the influence of maritime conditions upon number of flowers pro- 
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duced, and distribution of present forms as determined by past geologic 
conditions. 

The genus Zauschneria is composed of perennial plants. This affords 
opportunity to continue the individuals in the gardens indefinitely and thus 
make direct comparisons between a large series of forms as well as to test 
the cumulative effect of habitat. Although most taxonomists admit but 
one or at most three species to the genus, there are now in the cultures 
somewhat over 100 forms of fixed nature and the assembling has but begun. 
The evidence here supports the theory that the genus is in so active a state 
of evolution, probably by means of hybridization, that variation outruns 
selection and renders a satisfactory classification impossible. Mr. Heusi, 
who has charge of this genus, reports, however, that there are strong 
tendencies toward correlation between some characters and geographic 
distribution, and that this may render possible an ultimate grouping into 
recognizable subspecies. 

In the Drymocallis section of Potentilla the situation is even more com¬ 
plicated, since the group is much more widely distributed and veiy similar 
but fixed forms grow in what appears to be the same natural environment. 
Such forms in all cases retain their minute differences in the cultures at 
sea-level and also at the mountain stations, and possibly owe their origin 
to hybridization followed by some form of apogamy or other vegetative 
reproduction. 

Experiment Determines Extent to which an Organism may be 

Modified 

In order properly to classify the elements of the organic world, the sys- 
tematist must know the extent to which a given character is influenced by 
the immediate effect of environment. Such knowledge will prevent con¬ 
fusing modifications with genuine hereditary features and guard against 
acceptance of the former as criteria for purposes of classification. Experi¬ 
ments therefore have been devised in such manner as to permit the subjec¬ 
tion of an individual plant to a considerable variety of environmental 
impacts. This is best done with perennials permitting of vegetative 
division, since the parts are then grown in each of several gardens subjected 
to different degrees of light and moisture and of different soil composition. 
The cultures are carried out at the base station and also at two mountain 
stations where the climatic complexes are quite unlike, so that an individual 
plant may be subjected to as many as twelve different habitats. No attempt 
is made, however, to set up extreme or “unnatural” environments, since the 
aim is to discover variations brought about under conditions which the 
plant might encounter in its natural distribution during present or past 
time. The induction of abnormalities is carefully avoided. Similar experi¬ 
ments are performed upon annuals, but here the work is limited to a single 
station and larger numbers are used in order to eliminate effect of 
heterozygosis. 

The results are perhaps most striking in the case of Zauschneria. Here 
leaf-width, a criterion commonly used in classification in this genus, is 
highly modifiable, so that one “species” can easily be made to resemble 
another. At the same time, however, and under the same treatment, this 
other species undergoes similar modification, so that each natural form is 
different from every other when grown under the same conditions. This 
balancing of the two effects, one of heredity, the other of environment, is an 
important process in the systematic arrangement of the forms not only of 
Zauschneria but also of the three other groups now receiving detailed study. 
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Induced modifications among annuals is well illustrated in the experi¬ 
ments on Madinss. Here the results are valuable, especially in the present 
year when, because of unfavorable climatic conditions, many of the species 
exhibit dwarf and otherwise unusual forms. For example, in overgrazed 
and otherwise unfavorable mountain meadows there was found a form of 
Madia elegans with slender stems only 3 dm. high, and small, poorly formed 
heads with only 5 ray-flowers. Seeds of this grown under favorable condi¬ 
tions yielded sturdy plants 6 dm. high and with larger heads of 10 to 12 
ray-flowers each. Unusual forms of Hemizonia paucijlora have been de¬ 
scribed as H. elegans, but when seeds were taken and sown by the side of 
true paucijlora the differences disappeared. On the other hand H. ramulosa, 
also described as a segregate of paucijlora, retains its differentiating char¬ 
acters in the experiments. In these cases, selected only as examples, the 
extent to which modification might be carried could be determined only by 
experiment, and the knowledge so gained leads to replacement of personal 
opinion by certainty in classification. 

Cytology and Pollen Morphology as Aids to Classification 

Dr. D. A. Johansen, of Stanford University, has kindly undertaken a 
preliminary study of the chromosomes in the Madinae, from the point of 
view of its bearing upon classification. Thus far it has been possible to 
study only somatic material but as the plants come into flower, examina¬ 
tions are made also of the pollen-mother-cells and the combined results 
should give a fairly accurate picture of the situation. Up to the time of 
writing, 37 forms have been examined, the number of chromosomes deter¬ 
mined at metaphase and the morphology examined in detail. From the 
results it appears that in many cases of close species these differ by but a 
single pair of chromosomes, that certain forms heretofore considered as 
belonging to single species many require taxonomic segregation ( Hemizonia 
heermanni from H. virgata, H. lobbi from H. jasciculata, etc.), while, on 
the other hand, considerable variation in number of chromosomes is occa¬ 
sionally found in a single form and even between contiguous cells of a 
single root (H. paniculata and Lagophylla). Irregularities such as these 
are now receiving special attention in order to determine the extent to which 
they interfere with application of cytologic evidence in studies of origins 
and relationships. 

Dr. Johansen has also begun a study of pollen morphology of the Madinas 
with a view to elucidating relationships within the group. Two main types 
of microspores are encountered as follows: (1) the ellipsoidal type, with 
three longitudinal germinal apertures, and (2) the globular type, which in 
optical section is triangular with three pores occupying the apices of the 
triangle. Sixteen species of Hemizonia have microspores of the ellipsoidal 
type while three (one of which, wheeleri, possibly may be a Madia) possess 
the globular type. Two species of Madia ( sativa , dissitiflora) and two of 
Lagophylla have the globular type, but a third Madia (elegans ), certainly 
of this genus, has the ellipsoidal microspores so characteristic of Hemizonia. 
An apparent correlation between low chromosome number and ellipsoidal 
microspores is also noted. As further data become available a new generic 
alignment of all species in the subtribe will be considered, but for the 
present the lin§s already established on general morphologic grounds will be 
maintained and divergences in pollen morphology considered merely as 
cases of parallel development in closely related phylogenetic lines. 
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Results Applied to Classification 

The assembling of facts from such diverse studies as those indicated in 
the foregoing, that is, from herbarium, field, experimental and laboratory 
sources, and their application to problems of taxonomy, call for much time 
and patience. During the year one such synthetic investigation has been 
brought to the stage of publication. This is the study of section Saccanthera 
of the genus Penstemon, by Keck, who reports that of the 19 species, certain 
ones, such as P. bridgesi and P. glandulosus, have rather abrupt morpho¬ 
logic gaps separating them from others of the section and at the same time 
they are uniform entities within themselves. Other members of the section, 
such as P. loztus, P. azureus and P. heterophyllus, present the opposite situ¬ 
ation of a group with poorly defined specific lines and each species composed 
of a large number of variants. In the species mentioned, the populations 
have been divided into several subspecies, these usually being composed of 
several recognizable biotypes but with differences too slight to warrant 
further taxonomic division. A large number of the biotypes of these species 
have been brought into the gardens. Other forms have been studied in the 
field but have not been introduced into the cultures, while still others are 
known only from studies in the herbarium. In such a group, composed of 
large numbers of forms that lead by gradual steps from one into the other 
and by slightly better discernible steps into adjoining species, garden cul¬ 
tures have added much weight of authority to the final placement of 
members. 

Results from experiments and detailed studies on the Madinse are rapidly 
clearing up many moot points in the classification of this difficult group of 
composites. The following may be cited as examples: In Hemizonia 
paniculata geographic distribution has much to do with such fundamental 
characters as number of flowers and consequently of seeds in each of the 
capitulse. Although heretofore considered as a uniform species, all plants 
from the southern part of California have only 8 to 13 disk-flowers per 
head, while from Santa Barbara north the number is 15 to 25. Between 
these two districts is a geographic hiatus where the species is not repre¬ 
sented and which doubtless is to be associated with the former presence of 
an inland sea. Then again the northern plants of paniculata exhibit two 
forms, one inland with eight ray-flowers, one maritime with 10 to 13 ray- 
flowers. These numerical differences are very abrupt, as indicated by 
counts on 100 plants in each of many colonies. That the differences are 
due to selection by environment and not to its temporary influence is indi¬ 
cated by their persistence when representatives in large number are grown 
in uniform experimental gardens. Similar studies, coupled with experi¬ 
mental tests and cytologic examination are clearing up relationships among 
other species and forms, so that a monographic treatment of the MadinsB 
is now well under way. 

In Zatuchneria the working out of a natural classification is much delayed 
because of the large number of interweaving lines of descent between very 
closely related forms. This genus is therefore especially well adapted to 
studies in evolution and its taxonomy must await an understanding of the 
processes which have led up to the present multiplicity of forms. In the 
ultimate solution, geographic distribution will play a major rfile, since there 
are strong tendencies toward correlation between this and morphologic char¬ 
acters and there is evidence that definable form-groups are emerging from 
the general mass on certain areas. The present recognition, however, of 
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anything like satisfactory species or subspecies is possible only by ignoring 
the large number of character combinations which a thorough field explora¬ 
tion is bringing to light. 

In the genus Potentilla special attention has been given to seotion Dry- 
mocaUis, since here is found the largest number of available forms. Studies 
have been made of all the herbarium material at the New York Botanical 
Gardens, in consultation with Dr. P. A. Rydberg, the latest monographer 
of the group, and a basis laid for a new taxonomic treatment. Field explo¬ 
ration has been conducted in various parts of California and somewhat also 
in the Rocky Mountains, with the result that transplants in large numbers 
have been brought into the experimental areas, especially at the mountain 
stations. A majority of these represent forms not included in published 
accounts of the genus, which indicates that further field work will supply 
so nearly complete a series that the evolutionary lines can be worked out 
with some degree of satisfaction. Preliminary studied by Dr. Belling of the 
chromosomal situation in the group give promise also of elucidating the 
evolutionary processes involved. 

DESERT INVESTIGATIONS 

Under the Direction of Forrest Shreve 

The work carried on by resident investigators at the Desert Laboratory 
during the past year has been planned and conducted with a view to con¬ 
centrating the activities on those environmental conditions which are most 
important in determining the water supply of the plant and on the water 
economy of perennial non-succulent desert plants. The ultimate objective 
of these lines of work is to secure an answer to the question “through what 
means is the desert perennial able to exist under conditions which are fatal 
to plants native in a moist region”? 

Work has centered around the investigation of rainfall, soil moisture, the 
availability of water to plants, and the behavior of plants with reference to 
their water economy. In the study of habitat conditions, work has been 
done on the distribution of rainfall over a very small area and on the varia¬ 
tion in soluble salts in small units of natural soil. A detailed study of 
Covillea is being conducted in four habitats to obtain comparative data on 
the seasonal march of the relationship between soil moisture and soluble 
salts on the one hand and the osmotic value and acidity of the leaf sap on 
the other. Work on the movements of water in Covillea and the foliar 
water content is being continued. In both field and laboratory studies 
Covillea has been the principal material used, and a full investigation of 
the physiological life-history of this widely distributed, abundant, and very 
drought resistant perennial shrub is being conducted in the interests of an 
effective attack upon the problems which it so well exemplifies. 

A visiting investigator has continued work begun last year on the local 
distribution and habitat variations of small rodents, with particular refer¬ 
ence to the influence of the color of the soil and rocks on the color of the 
pelage of the animals. The close interrelations between animal and plant 
life in the desert give particular importance to work on animal ecology in 
connection with the investigations of plants. Another visiting investigator 
has been working with the technique of using ultra-high frequency electric 
currents in physiological work and with some of the thermal effects of these 
currents. The value of this new investigative tool in work on osmosis and 
permeability may prove to be considerable. 
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Precipitation, Run-off, and Soil Moisture, by Forrest Shreve and 

Robert R. Humphrey 


Readings of precipitation and run-off have been made throughout the 
year, using for the latter purpose the percolimeter, or lysimeter, described 
in the Year Book for 1929—30. Since September 1930, fortnightly determi¬ 
nations of soil moisture have been made near the percolimeter at eight 
depths to 180 cm. The aim of the investigation is to determine the relation 
between the irregularity of desert precipitation and the constancy of an 
adequate water supply for plants. It is not yet possible to state the mean 
loss due to run-off, but the investigation has already revealed the relative 
uniformity of water content in the lower levels of the heavy alluvial soil 
involved. 

The prediction of the percentage of run-off in each rain will depend on 
factors which have been only partly determined. For a bare surface, such 
as used up to this time, the moisture content of the surface soil at the time 
of a rain is the most important single factor. In 1930 the last rain of the 
summer and the first winter rain happened to be identical in amount, 0.42 
inches, but the run-off was ten times as great in the former case as in ti e 
latter, due to the moist condition of the surface in the late summer as com¬ 
pared with its dryness after the autumn period of drought. The duration 
of a rain is also of importance, as shown by a prolonged gentle downpour of 
two days in February 1931, totaling 1.15 inches, after which the percoli¬ 
meter showed only a trace of run-off. As yet there has been no penetration 
of water through the 30-inch bed of encased soil. Laboratory tests indicate 
that the failure of water to penetrate is due to the provision made for 
run-off. 


Soil moisture determinations have been made from borings taken near 
the percolimeter at depths of 15, 30, 45, 60, 90, 120, 150 and 180 cm., with 
occasional samples from 240, 300 and 360 cm. The soil is a uniformly fine 
adobe clay w’ith a moisture equivalent ranging from 24.99 to 37.75 at the 
different levels sampled. On physical analysis 96.7 per cent of the soil 
passes through a 130-mesh screen. The readings taken nearest the surface 
show the greatest fluctuations in relation to the incidence of rainfall, but 
this relation becomes less with increasing depth and vanishes below 90 cm. 
There is a close correspondence between the amounts of water in the four 
surface levels, except at 15 cm. immediately after a heavy rain. At 120, 
150 and 180 cm. there is again a relatively uniform percentage of moisture, 
about 5 per cent higher than the common percentage of the surface levels. 
Readings at 240, 300 and 360 cm. do not show a progressive increase of 


moisture with depth. 

The wilting coefficients of samples from the different soil horizons have 
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been determined from the moisture equivalents I WC= J~g4 )• " compar¬ 


ison of these figures with the actual moisture present in the soil reveals the 
fact that only once since the work was begun has there been any moisture 
in the soil theoretically available to plants at depths of 15 to 180 cm. This 
brings up the question whether plants that have been growing for a con¬ 
siderable period of time, and have a much higher cell sap osmotic value 
than young plants, do not also have a higher wilting coefficient than the 
typical mesophyte or the seedlings on which wilting coefficient determina¬ 
tions are usually made. 
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Long-period Rain Gage Records for Southwestern Arizona and 
Northwestern Sonora, by T. D. Mallery 

During 1925 and 1926 a number of long-period rain gages were set out by 
Mr. Godfrey Sykes in two series placed at geographically strategic points. 
One of these starts at San Fernando, Arizona, on the international bound¬ 
ary, and extends southwestward to the Gulf of California. The other 
extends in a westerly direction from a locality 24 miles east of Ajo, Ari¬ 
zona, to Yuma. This region is one of the most arid in North America, but 
the character and density of the vegetation rivals that of adjacent regions 
in which there is greater rainfall, a condition perhaps largely due to soil 
conditions and scarcity of calcareous hardpan. The importance of the data 
to be secured seems great enough to warrant continuation of readings until 
a ten-year period shall have been covered. Recently three new stations 
have been established at critical locations and makimum-minimum ther¬ 
mometers have been installed at certain stations. The records thus far 
taken show wide differences between maximum and minimum rainfall over 
a period of years and indicate the unimportance of annual mean. A paper 
giving the complete rainfall records for this region is in preparation, sup¬ 
plementing a recent one by Mr. Sykes (see bibliography). 

An Intensive Study of Desert Rainfall, by Robert R. Humphrey 

An intensive study of precipitation over a portion of the Desert Labora¬ 
tory grounds was begun in August 1930, and will be continued for a period 
of three years or more. In addition to obtaining a more complete knowl¬ 
edge of precipitation on the area in question, it is also desired to ascertain 
the extent of differences in rainfall during any given shower over a very 
small area, and to determine whether the differences remain constant over 
a long period or become equalized. A simple type of volumetric gage has 
been found satisfactory in use and involves low cost. The area under 
investigation is in the form of a square of 300 meters on a side and contains 
16 rain gages placed 100 meters apart, giving a total of 16 gages in the area. 
These are installed on the outwash plain in the western part of the labora¬ 
tory grounds. Extending diagonally from one corner of this square, a line 
of 8 gages runs up the west slope of Tumamoc Hill to a point about 600 feet 
above the square. Readings have now been made immediately following 
27 periods of precipitation. In almost all cases these represent individual 
showers. 

The results may be summarized briefly as follows: (1) there is greater 
variation between the gages in the summer rains than in the winter ones, 
though it may be quite marked in either season; (2) the variations between 
gages during any one shower tend very markedly to become equalized dur¬ 
ing even a 10-month period; (3) the slight difference of altitude has no 
apparent effect on the total precipitation. 

Growth on Highly Calcareous Soils, by Forrest Shreve and 

T. D. Mallery 

Work reported two years ago has shown that the growth of Covillea is 
retarded by increasing percentages of the poorly soluble calcium carbonate 
in soil cultures, and that the amount of calcium in the ash increases under 
these conditions. Two new series of soil cultures have been established, 
one varying*in the amounts of calcium carbonate, the other varying in soil 
texture but supplying the highly soluble calcium sulfate. The two series 
are installed in a lath shelter, and duplicate series are located in the open. 
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Provision has been made for control of the water supply in all of the culture 
beds, which are lined with cement but provided with drainage facilities 
through which roots can not penetrate. Six plants are used in each bed. 
When the cultures reach a vigorous condition, comparative work will be 
carried out on the transpiration, foliar water and osmotic value of sap in 
each culture. The aim of the investigation is to confirm the influence of 
high percentages of poorly soluble calcium in affecting growth, a result 
which may be due to physical rather than chemical characteristics of the 
soil; to determine the influence of high percentages of soluble calcium in 
soils of different texture; and to compare the results in plants exposed to 
the normal desert conditions with those in plants growing under an amelio¬ 
rated climate, due to the shade and wind protection of the lath shelter. The 
results will throw light on the extent to which the water economy of desert 
plants is affected by the highly charged soils and those heavily impregnated 
with the various forms of calcareous hardpan. 

Physiological Studies of Habitats of Covillea tridentata, 

by T. D. Mallery 

Particular attention is being given at this laboratory to studies of 
various phases of the distribution and growth habits of Covillea tridentata. 
In line with this work four Covillea areas in the vicinity of Tucson have 
been selected for intensive physiological investigation. These areas are 
thought to be representative of the various habitats, both good and poor, 
in which the creosote bush grows. 

The investigation of the areas involves, with respect to the soil, the 
following phases: (o) chemical analysis, including total soluble salts, 
sodium, calcium, magnesium, chlorides, sulphates, carbonates, bicarbonates, 
and nitrates; (6) mechanical analysis, using the hydrometer method of 
Bouyoucos; (c) moisture equivalent determinations; (d) weekly soil mois¬ 
ture content fluctuations; ( e) weekly soluble salt content determinations, 
using a U. S. Bureau of Soils soil bridge; and (/) consideration of the 
pH value of the soil solutions. All of the soil samples are taken at approxi¬ 
mately 15 cm. below the surface and one meter from the crowns of the 
Covillea shrubs. 

With respect to the plants growing on the selected areas, the following 
points have been included in their study: (o) chemical analysis of the 
roots and of the stems of representative samples; (6) pH value determina¬ 
tions of the plant sap; (c) notes on the general appearance, density of 
stand, and volume of growth on the respective plots; and (d) weekly 
osmotic value determinations on the leaf sap of two plants from each 
area with individual variations brought out by readings on two or more 
plants from each section. 

For the osmotic value determinations the method of Dr. H. Walter is 
used. Leaf samples are taken from the same plants each week and the 
soil samples for the moisture determinations are taken from beneath the 
same bushes. The leaf tissues are killed by boiling in closed vessels .and 
the freezing point depressions are found with a special German thermometer 
which requires only about 2 c.c. of sap for a determination. 

A paper based on the data thus obtained is being prepared, but it may 
be of interest to note here that the minimum osmotic value obtained for 
Covillea was 20.128 atmospheres and that the maximum value was 48.632 
atmospheres, both for bushes from the same area. These osmotic values 
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were accompanied by a decrease in the soil moisture content at 15 cm. 
from 4.4 per cent to 1.3 per cent. Rainfall records obtained for each area 
tend to indicate that the survival of Covillea on the plots possessing 
unfavorable soil conditions may depend largely upon the fact that they 
receive more rain than the plants growing under more favorable soil 
conditions, although the greatest airline distance between the areas is not 
more than 20 miles. 

Water Relations of Covillea, by Ernest H. Runyon 

Investigation of the water relations of the creosote bush, Covillea tri- 
dentata, has been carried out by means of water content determinations 
before and after various treatments. This method has been found to be 
very useful and particularly adapted to this bush because its many small 
leaves and much branched habit permit the gathering of many samples 
all of the same water content, i.e., adequate controls are readily obtainable. 
It is found that the removal of part or nearly all of the leaves of a branch 
does not affect the water content of the remaining leaves. However, the 
water content (as expressed in per cent of the dry weight) of young leaves 
may be considerably lower than that of older leaves on the same twig, 
60 that the picking must be done with great care. 

The water deficit or amount of water taken up by leaves when a branch 
is cut under water, in which it is allowed to remain, the leaves thus being 
in a saturated atmosphere, is found to be very different in different plants. 
In a desert climate, the amount of leaf water deficit due to transpiration, 
and the amount due to limitations in the water supply have been largely 
matters of conjecture. These two limiting factors may be evaluated by 
determination of the rate of increase in water content and the amount of 
increase as compared to the total water deficit, when the leaves in the 
field are protected from transpiration. If the cut shoots are placed in sugar 
solutions of various molar concentrations instead of in water, the force 
with which water enters the leaves or is held in the leaves may be deter¬ 
mined by the strength of the sugar solution in which the leaves do not 
undergo a change in their water content. This method has been found more 
satisfactory with Covillea than the less direct method of Ursprung of 
determining the volume changes of leaf segments in sugar solutions. 

A new apparatus has been designed and found satisfactory for field 
transpiration studies. The method permits the determination of transpira¬ 
tion of leaves under conditions entirely normal except for enclosure in a 
glass chamber. Unchanged air from the outside is drawn through the 
leaf chamber and then through a series of absorption tubes at a rate fast 
enough to prevent temperature changes in the chamber. These changes 
do not occur unless the latter is exposed at right angles to the rays of 
mid-day sun, when heating of the chamber occurs even with the most rapid 
rate of air flow which will permit complete water vapor absorption. With 
fresh dehydrite two absorption tubes are usually sufficient, although three 
to six are always used. Air is simultaneously drawn through a second 
to-ain of absorption tubes in order to determine the amount of water vapor 
in the atmosphere. The flow is regulated to exactly the same rate in each 
train by means of delicate screw clamps, the rates of flow being indicated 
by. means of flow meters. Mineral oil was found to be the best manometer 
fluid for the. flow meters with the electric suction pumps employed. Simul¬ 
taneous records have been obtained of the diurnal fluctuations in trans¬ 
piration, leaf and twig water contents, and leaflet folding of Covillea. 
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Investigation op Habitat Conditions, by Robebt R. Humphrey 

Desert vegetation may exhibit striking changes within limited areas,, 
due to the physiography of the region and the physical and chemical nature 
of the soil rather than to climatic influences. In the fall of 1930 an investi¬ 
gation was undertaken of the underlying causes of certain vegetational 
differences noted on a limited area on the grounds of the Desert Laboratory. 

As a preliminary step, a transect 10 meters wide and 100 meters long 
was laid out and the vegetation of this area accurately mapped. Both 
crown spread and stem origin were charted. At the same time soil samples 
were secured every 10 meters along the length of the transect, on which 
physical analyses were made and the percentage of moisture and the amount 
of soluble salts determined. These samples give a practically complete 
picture of the soil throughout the transect. Precipitation, temperature 
and wind velocity readings are being secured at nearby stations and soil 
moisture readings are taken at intervals throughout the year. 

The vegetation of the area falls into three general types: a characteristic 
stand of Covillea at the lower end, intergrading into an almost pure belt 
of the grass, Hilaria mutica, which in turn gives way at the upper end to 
Fouquiera as the dominant, associated with a number of subordinate 
species. The vegetation varies with the topography, Covillea occurring on 
level ground, Hilaria and Fouquiera occupying rising ground on the bajada 
of Tumamoc Hill. 

The results now in hand indicate that chemical soil differences in this 
area have little relation to the distribution of Covillea, Fouquiera and their 
associates. The case is not so definite for Hilaria, and work on other areas 
of this plant is under way to determine this matter. Work on the two 
dominants is also being done in other areas as a check on the findings in 
the transect area. Differences in topography and soil texture are appar¬ 
ently chiefly responsible for the distribution of the plants here found. 
Covillea is growing in a typical habitat for this plant on a moderately 
coarse, sandy soil which is not very retentive of its water, a circumstance 
which appears to be of importance in connection with the occurrence of 
extended pure stands of this plant. Hilaria is found only on a band of 
fine clay derived from basaltic rocks. In all the other localities in which 
it has been observed, it grows on soil of the same type. Fouquiera occupies 
here, as in practically all cases, a well-drained soil with many rock frag¬ 
ments. Observation in many localities indicates that its distribution is 
largely determined by efficient soil aeration, coupled with sufficient rainfall 
in the upper portions of its range, or in the more typical desert, with a soil 
containing enough fine material to prevent excessive drying of the rather 
superficial root system. 

Comparison of Vegetation on Calcareous and Non-calcabeous Soils, 

by Robert H. Humphrey 

Work has been practically completed on a comparison of the vegetation 
found on two hills not far from Tucson. The hills are closely adjacent, 
have almost the same height and about the same circumference. Their 
proximity and general similarity eliminates any climatic differences between 
them so that the distribution of the plants growing there is determined 
only by conditions which are directly or indirectly related to the physical 
or chemical nature of the soil. The two hills represent a complete geologic 
section from the Archean crystalline rocks on the west to the Pennsyl- 
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vania limestone on the east, with the whole tilted to about a 90° angle 
from the horizontal. The Cambrian shales and quartzes and the cross- 
bedded sandstones of the early Devonian have weathered more rapidly 
than the earlier and later crystallines and limestones, leaving a saddle 
which divides the section into the two hills. A more ideal situation for a 
study of this sort would be difficult to lay out even in the laboratory. 

Only the perennial plants have been considered. A total of 78 species 
was found on the two hills and of these only 16 were present on the lime¬ 
stone which were not also found on the non-calcareous soil. On the other 
hand, 13 species were present on the acid soil which were not present on 
the calcareous. Of the 16 plants limited to the limestone, however, all 
but two have been found on the basaltic clay of the Tucson Mountains. 
While there is usually present a caliche hardpan underlying the soil, the 
roots in many cases do not reach it and when they,do it seems usually to 
be a physical hindrance to root growth rather than of any chemical 
significance. 

The investigation of the vegetation of these hills and the character of 
their soils suggests the view that the distribution of plants in such cases 
is more strongly controlled by secondary physical conditions than by the 
calcareous or non-calcareous nature of the soil. It is believed that this 
view will be found to accord with the facts of distribution for at least 
90 per cent of the plants of the Tucson region. 

Role of Sap Concentration in Transpiration, by Edith B. Shreve 

During the past 10 years, experimentation with the transpiration of 
desert perennials has shown consistently that under increasing conditions 
of atmospheric aridity the water loss of the plant fails to keep pace with 
that from a purely physical evaporating surface. This fact has been fre¬ 
quently revealed by values of the ratio T/E, where T represents the 
transpiration rate of the plant and E the rate of evaporation from a 
porous cup or other evaporimeter. 

If the ratio T/E approaches unity when the environmental conditions 
cause a low or comparatively low rate of evaporation, then the value will 
fall below unity when the environmental demand for water is much higher. 
Thus the plant seems to have some means of holding back a part of its 
water when high temperature, low humidity, and strong wind tend to 
make it lose an excessive amount. Several causes for the retention of 
water have been suggested by various authors, among which are closure 
of stomata, lowering of vapor pressure by the retreat of menisci into pores, 
etc. Each of these causes is contributory but all of them together do not 
seem to be enough to account for the phenomenon. Other workers have 
mentioned the lowering of vapor tension by increased concentration of cell 
sap. However, calculations show that the rates of evaporation from the 
free surfaces of cell saps, having the osmotic values 4.9, 11.7 and 20.0 
atmospheres respectively, will be in the proportion 1.011: 1.005: 1.000. 
This is scarcely enough to be even a contributing cause at the concentra¬ 
tions found in the plants. These calculations were made for a free evapo¬ 
rating surface, while in the plant the water is lost from the solution through 
a semi-permeable membrane. Experiments carried on during the past year 
show that the evaporation rate from solutions of M and 0.5M cane sugar 
will respond to changes in atmospheric evaporation in the same manner as 
the transpiration from desert perennials, provided the solutions are placed 
behind a membrane which is permeable to the water and not to the sugar. 
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Each experiment consisted of a battery of six parchment diffusion 
thimbles, arranged vertically over small flasks after the manner of the 
Livingston atmometer cup, so that the evaporated water was always 
replaced from the well below. The thimbles were soaked in water and 
then filled and allowed to lose water. The loss was measured by weight 
for several days in order to determine the relative rates. Then four were 
emptied and refilled, two of them with 0.5M cane-sugar solution and two 
with M-sugar solution. The evaporation rates were then measured for 
several days under the small variation in conditions that existed inside 
the laboratory. At the end of a few hours the 0.5M solutions were losing 
10 per cent less water than the pure water, and at the end of two days they 
were losing 33 per cent less than the water. The thimbles containing the 
M solutions at the same time lost only 53 per cent as much as those con¬ 
taining the water. The battery of six thimbles was then placed in the 
open, exposed to sunshine and wind. At the end of two hours the evapora¬ 
tion from the water thimbles became 4.4 times as fast as it had been in 
the laboratory, while that from the 0.5M thimbles was 2.2 times and the 
M thimbles 1.4 times as much as it had been from the same thimbles in 
the laboratory. At another time the following relations existed: water 
thimbles 2.6 times, 0.5M thimbles 1.8 times, and M thimbles 1.4 times 
as much as in the laboratory. Upon return to the laboratory, the battery 
resumed approximately its former relationship. When the shells were 
emptied and all sugar removed from them they returned to their first 
relationship. Similar results were obtained with thimbles into which potas¬ 
sium ferrocyanide membranes had been precipitated. 

All experiments were repeated enough times to make sure that the follow¬ 
ing relationships hold: (1) under identical conditions the evaporation rate 
from diffusion shells containing water is greater than from those containing 
0.5M sugar solution, and this is in turn greater than from shells containing 
M sugar solution; (2) if the rate of water loss from the thimble containing 
a solution be designated by T and that from the thimble containing water 
by E, then the changes in the ratio T/E, which occur when the environ¬ 
mental demand for water increases or decreases markedly, resemble very 
closely those changes which occur in the ratio T/E for desert perennials, 
when T represents the transpiration rate and E the rate of water loss 
from an atmometer. The osmotic value of M-cane sugar at 30° C. is 
27.2 and of 0.5M is 12.9 atmospheres. Since neither of these values rep¬ 
resents the maximum value that has been found for desert shrubs it is 
possible that this work may make clearer the role of high osmotic value 
in desert plants. 

Wilting Coefficient of Plants with Reference to Humidity, 
by Robert R. Humphrey 

Work on the wilting coefficient of various species of plants was started in 
the fall of 1930 with the purpose of determining the effect upon the wilting, 
coefficient of plants induced by raising them under wide variations in 
humidity, and of determining whether any differences might be found to 
exist between the wilting coefficients of plants of dissimilar ecologic types. 
A total of 224 determinations have been made on 13 species or varieties 
of plants ranging from xerophytes to hydrophytes, the methods being, 
closely similar to those employed by Briggs and Shantz. A single type of 
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soil was used, a moderately coarse granite derivative low in organic matter 
and soluble salts. This was sifted through a screen of 8-inch mesh, mois¬ 
tened and placed in aluminum vials holding about 200 c.c. of soil. During 
the fall and winter the plants were raised in a glass case in the greenhouse 
in an atmosphere ranging from 50 to 90 per cent relative humidity. With 
the high humidity it was found unnecessary to seal the soil surface with 
a waterproofing mixture, as was done with the plants raised out of doors. 
From 1 to 37 readings were made on sunflower; Cassia covesvi, a desert 
perennial; lettuce; Fortuna variety of rice; Patrie variety of rice; pinto 
beans; alfalfa; a Malva; and Menodora scabra, a desert perennial. While 
there was some variation between the individual containers, a sufficient 
number of weighings was made in most cases to compensate for experi¬ 
mental error. The wilting coefficient in the above-named plants varied 
from 5.48 to 6.71 per cent. The plants raised outside in the dry desert air 
included four varieties of wheat, two of which are drought resistant and 
two of which are not, and the garden sunflower. The pots were sealed 
with a mixture of paraffin, vaseline and beeswax to exclude all evaporation 
except that from the plant itself. From 11 to 49 readings were made on 
each plant and the wilting coefficients averaged from 5.71 to 6.12 per cent. 

The results secured up to the present time indicate that a marked differ¬ 
ence in atmospheric humidity has no discoverable effect on the wilting 
coefficient of plants, and that all plants investigated have approximately 
the same wilting coefficient in the type of soil used. The results confirm 
the work of earlier investigators, notably that of Briggs and Shantz, but 
leave open the possibility that different generalizations might result from 
work with larger and more mature perennials. 

Morphology of the Transpiratory Organs of Covillea, by Eric Ashby 

An investigation has been made of leaf and stem in Covillea, together 
with an examination of the same structural features in the common privet 
{Ligustrum). Work was confined to features of importance in the water 
economy, and the object of the investigation was the comparison of Covil¬ 
lea with another evergreen perennial of much higher' water requirement. 

The comparisons made between these plants included ratio of leaf sur¬ 
face to total surface of aerial organs, frequency and distribution of 
stomata, anatomy of stomata, rate of drying out of cut twigs, water content 
of leaves, suction pressure of roots and conductivity of stems for water. 
Covillea has a greater leaf surface for the total area of the plant than 
Ligustrum. The xeric character of Covillea does not lie in a reduced leaf 
surface. Stomata occur on the upper and lower surfaces of the leaf in 
Covillea, and are larger than in Ligustrum, although not so numerous. The 
stomata of Covillea do not show any of the anatomical modifications 
believed to reduce transpiration and are functional in moderately dry 
periods. Under the conditions of the experiments, the water loss of Covillea 
was greater than that of Ligustrum and the ratio of loss to number of 
stomata was 1.6 times greater for Covillea. The suction pressure of 
slices of root was determined by the use of sugar solutions ranging from 
0.1 to 1.5 normal, resulting in a value of 7 atmospheres for Ligustrum 
and 25 atmospheres for Covillea. The conductivity of stems was investi¬ 
gated by the method of Farmer. Old stems of Covillea have little more 
than half the conductivity for water shown by stems of Ligustrum. Younger 
sterns more nearly approach the same specific conductivity. 
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In conclusion it might be suggested that the high suction pressure of the 
roots and the high osmotic value of the leaves are the most effective 
“adaptations” of Covillea to a shortage of water. 

Comparison of Two Methods of Measuring Stomatal Aperture, 

by Eric Ashby 

The porometer method of measuring stomatal opening, devised by 
Darwin and Pertz, improved by Knight, and widely used in Great Britain, 
has been compared with the absolute alcohol method devised by Lloyd and 
frequently employed in America. Comparisons were made on greenhouse 
plants of Pelargonium and a native Verbena. Every time a reading was 
made by porometer, a strip of epidermis was removed from a leaf of about 
the same age and placed immediately in absolute alcohol. The areas of the 
pores were calculated on the assumption that their outline was elliptical. 
The porometer readings were compared with the areas of the pores and not 
the diameters, since the movement of gas under pressure is proportional to 
the areas. 

A very satisfactory agreement was secured between Knight’s method and 
Lloyd’s at wide apertures. A divergence was found in the readings around 
the time of sunset. At 7 p.m. the stomata appear closed when examined 
by Lloyd’s method, but the porometer continues to give readings at that 
hour. Lloyd’s method gives a more accurate picture of the diffusive capac¬ 
ity of the stomata at small apertures. According to the coefficients of 
variability of the two methods, the porometer method is nearly ten times 
as sensitive as the method devised by Lloyd. 

Physiological Effects of Ultra-high Frequency Electrical Currents, 

by Franklin Henry 

Recent interest in the biological effects of ultra-high frequency electrical 
currents (very short radio waves) has resulted in the appearance of a 
number of papers and the development of the technique of producing the 
radiations. Little attention has been given to methods suitable for study¬ 
ing the effect of this energy on small homogeneous masses of tissue under 
controlled conditions. Work in this direction has been under way, par¬ 
ticularly concerning the action of electrostatic fields produced by the ultra- 
high frequency currents. Considerable attention has been given to the 
development of satisfactory methods of handling tissues and the determina¬ 
tion of the best dielectrics. A study of heating and other physiological 
effects has been made in the large homogeneous tissue masses of the beet 
and of Opuntia versicolor. The rate of heating of the sap of Opuntia 
has been compared with that of salt solutions of the same specific con¬ 
ductivity, and with that of chloresterol and lecithin. Crown galls pro¬ 
duced in the geranium, by inoculation with Bacterium tumejaciens, have 
been killed by exposure to the action of the ultra-high frequency field 
without serious injury to the plant. The mechanism of this effect is 
receiving further study. 

The object of the work has been to determine the fundamental action 
of the currents. Their use has already been found of value in cytological 
studies made by Remington and others. It is difficult to predict the 
direction in which further studies will lead. The possibility of securing 
data on the dielectric characteristics of biological material is apparent, 
and is of particular interest in the light of recent investigations of the 
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r61e of the dielectric constant in certain physiological processes and 
McLennan’s demonstration of selective heating in tissues. 

Relation Between Color of Desert Rodents and of the Soil, 

by Philip M. Blossom 

In the attempt to determine the relation between the colors of desert 
rodents and of the soil and rocks where they live, collections were made, 
in the Tucson region, of a number of species from soils and rocks of dif¬ 
ferent colors. Samples of the soil and rocks were also collected, and it is 
proposed to analyze these colors with a tint photometer, to make a deter¬ 
mination of the amount of individual variation in color in each species, 
as well as of the general character of the soil color. These studies are, 
in part, a continuation of studies begun last year by L. R. Dice and Wm. 
P. Harris jr. , 

The period between December 1, 1930, and May 1, 1931, was spent in 
the Tucson region, where the Desert Laboratory served as field head¬ 
quarters. Principal localities for study were Black Mountain, Santa Rita 
Range Reserve, Pima Canon, Rillito wash, Tucson Mountains, Baboquivari 
Mountains and the Chirfcahua Mountains. Careful record was kept of 
the ecologic habitats of each species, so that the environmental relationships 
and range of each species might be known. 

Collections of one species of pocket mouse taken from different mountain 
ranges show distinct differences in pelage color, and these differences appar¬ 
ently are to some extent correlated with differences in the colors of the 
rocks. Similar variation in pelage color with locality, in the Tucson 
region, seemingly exists in a deer mouse and in a wood rat. 

ECOLOGY 

Under the Direction of Frederic E. Clements 

For a quarter of a century or more, development in response to measured 
physical factors and under both natural and experimental conditions has 
been the central theme of ecology. Indeed, this fact distinguishes ecology 
as a whole from such partial aspects of it as plant sociology, biogeography 
and hydrobiology. From the outset, it has concerned itself with two orders 
of organisms, the multicellular, the plant or animal as usually understood, 
and the multi-individual or complex organism, the community. The uni¬ 
cellular organism, protozoan and protophyte, has come less into considera¬ 
tion, but with the rise of bio-ecology and the inclusion of hydrobiology, 
the three orders of organisms are assuming their respective r61es. The 
concept of the complex organism was formulated as a logical consequence 
of recognizing that the development of the community is an organic 
process, carried on by means of functions and resulting in structures, essen¬ 
tially as in the individual plant or animal. 

The community thus came to be regarded as something more than the 
mere sum of its parts, as an entity in which the component individuals 
bear much the same relation to themselves and the whole as do the cells 
and tissues of ipetaphyte or metazoan. To biologists such a view appeared 
novel and startling when first proposed, and it was in consequence much 
criticized. In spite of this, it is steadily gaining a wider acceptance and 
by dynamic ecologists' generally is recognized as the cornerstone of develop¬ 
mental ecology. This recognition has been hastened by its more or less 
independent use as the basic idea in the philosophical system of the 
emergent evolutionists. The close approach made by Spencer to this idea 
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and its significance has been realized for some time, but its intimate rela¬ 
tion to a cardinal tenet of the positivist philosophy of Comte (1832) has 
been a more recent discovery. 

With the growing appreciation of the biotic essence of the community, 
the concept has been shifted to apply to the biome, though with plants still 
constituting the matrix. Under so-called natural conditions, and to some 
degree in rural ones, man is an intrinsic member of the biome, but through 
aggregation into cities, he has there become a super-dominant, with plants 
and animals all but completely under his control, and the environment 
increasingly so. His changing relation to biome and habitat or ece from 
nature to city is so gradual and yet so complete as to warrant regarding it 
as one continuous ecological process, in which the usual distinction between 
natural and artificial is reduced to a matter of convenience alone. How¬ 
ever, while ecological concepts and methods might well take a larger place 
in the investigation of human relations, it is evident that sociology and 
economics will but gradually shift the traditional approach. 

The triune basis of ecology, and hence of biology in the widest sense, 
is environment, organism, unicellular or multi-cellular, and multi-individual 
or complex organism. However, the simple organism, whether plant or 
animal, possesses a dual nature, as individual and as species or genus, a 
fact constantly to be borne in mind in connection with its role in the 
community. To emphasize this fact, as well as for the sake of convenience, 
it is proposed to term the individual-species a specient ( species; ens, entis, 
being, individual). Thus, in ecological terms, the primary cause-and-effect 
sequence, the cardinal chain of development is ece, specient and biome. 
Although this is the universal order of cause and effect, it is variously and 
often intricately complicated by the reactions of plants and animals upon 
the ece and by the involved coactions between the organisms themselves. 
Each effect may in its turn become a cause and the semblance is frequently 
that of a kaleidoscope. But beneath this may always be traced with 
augmenting accuracy and detail the pattern woven by the action of the 
ece, the reaction of the biome, and the coaction of the specients. 

As the universal ultimate cause, the development and nature of the ece 
are of the first importance. Though often less visibly so, the ece is neces¬ 
sarily as dynamic as the resulting specient or community; indeed, as the 
source of the motive energy, it is more dynamic. Moreover, this aspect of 
its nature is regularly expressed in cycles, of which climatic, physiographic 
and soil cycles are most important to the ecologist. Each of these categories 
contains cycles of different rank and extent, more or less telescoped into 
each other, while the categories are themselves inseparably linked. Fur¬ 
thermore, each is modified to some extent by the far-reaching reactions of 
the plant matrix of the biome, climate in a lesser degree, physiography 
in a large measure, and soil more or less completely. It is clear that the 
action of these cyclic forces will express itself in cycles impressed upon 
the specient and the biome, and that the resulting developments will be 
coincident to the highest degree. This constitutes a Second major thesis 
of ecology, namely, that specient and biome have developed or evolved 
pari passu throughout the past and that no proper understanding of* one 
is possible without the fullest consideration of the other. 

Of all the ecological cycles, climatic ones are paramount, though back 
of these lie the earth cycles, epirogenic and orogenic, and solar ones, notably 
the sunspot cycle and its multiples. The primary control of climate is 
expressed not only in the corresponding climax, and its shifts in the con¬ 
comitant movement of climaxes, but it likewise initiates and sets a term to 
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physiographic and soil changes that direct succession and bring it to a close 
in the climax organism. On these facts is predicated the third major 
thesis of ecology, viz, that climatic changes of the first order are world-wide 
and have brought in their train coextensive mass migrations of the biome. 
Such mass movements have resulted not only in the replacement of each 
climax by its preclimax or postclimax, depending upon the direction of 
climatic shift, a process everywhere potentially present in the cliseres of 
mountains and continents, but they have also had equally profound effects 
upon the species and genera of each biome. Only the more mobile specients 
moved with sufficient rapidity to maintain their climatic position and 
climax rdle; the less mobile were overwhelmed, assumed a subordinate 
position, or were variously modified. Moreover, the mobile ones of each 
advancing climax were often carried into serai habitats to undergo edaphic 
conversion into new forms. ( 

Whether specients were modified by the oncoming climate directly or 
by competition with the invaders, or whether they adapted themselves 
to local habitats in the new climatic zone, it is equally clear that the 
same form must have arisen repeatedly in space and in time. As a con¬ 
sequence, the theory of poly genesis as the regular, if not universal, process 
in the origin of new forms and the consequent modification of communities, 
takes on new significance and value. It has already attained some initial 
experimental proof in the transplant results from the climatic and edaphic 
gardens on Pikes Peak, and there is evidence that such proof will be limited 
only by the number of specients and gardens, and by the number of repe¬ 
titions. The application of this theory has thrown new and much-needed 
light upon more than one moot problem of paleo-ecology and gives promise 
of becoming one of the most indispensable of keys to unlock the past. 
Through the use of such experimental methods with specient and biome, 
the past is steadily losing its remoteness, and as in the case of bio-ecology, 
the line between paleo-ecology and ecology now serves only for emphasis 
or convenience. 

With respect to the instrumental and experimental attack upon them, 
specient and biome demand not only the same general approach, but either 
basic or comprehensive understanding of one also involves a similar study of 
the other, so intimately are they interwoven. This is truer perhaps of the 
biome, since as the complex organism it is a composite of individuals and 
species, as the simple organism is of cells and tissues. In both cases, 
however, the proper sequence of study and interpretation is from factor 
to function, thence to form, and finally to phylogeny. This is not to deny 
that the attack may first be made upon function or form, but this is 
neither so logical nor profitable, nor is it so illuminating. While the factors 
are common to both, function, form and phylogeny necessarily differ for 
specient and biome, since for the community they represent not only the 
sum of the individual species but a certain degree of organic oneness in 
addition. 

Adaptation, by F. E. Clements, F. L. Long, C. J. Whitfield and 

G. W. Goldsmith 

By adaptation or ecogenesis is understood the response of specient and 
biome to the direct factors of the ece. More than two decades of trans¬ 
plant studies, combined with experiments under factor control, have estab¬ 
lished its nature as a definite and universal process, presumptively common 
to all organisms and all habitats. It is most evident in the individual, less 
visible in the species by reason of large and often discontinuous areas, 
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and least apparent in the community by virtue of complexity and extent. 
Nevertheless, it is as definite and far-reaching in the biome as in the species, 
partly by virtue of the adaptation of the constituent individuals and 
species, and partly because of the climatic and serai modification of the 
community as a whole. 

Hybridization is not a response to a direct factor of the habitat, even 
in the case of wind-pollination, but is properly regarded as a coaction. 
To the experimental ecologist it is a secondary process superimposed upon 
primary species arising by adaptation, and hence the material employed 
must be tested for evidences of hybridity, in order to permit valid con¬ 
clusions as to the course and consequences of adaptation. Incidentally, 
it may be noted that in self-pollinating and nlodifying about 200 native 
species, no marks of hybrid origin have yet been perceived. 

Adaptation in the biome as a complex organism is a much more difficult 
task experimentally, but a fair beginning in this problem has been made, 
as indicated later under “Experimental succession.” 

Gabdens and Objectives 

The installation of climatic and edaphic gardens on Pikes Peak and at 
Santa Barbara has been described in previous reports, as well as in the 
Journal of Ecology (17, 356-379, 1929). The major additions to this 
equipment have been three lath-houses to provide light values of 12 and 
4 per cent at the plains, montane and alpine gardens, while a soil series of 
sand, clay and loam has been added to the adaptation sequences at Santa 
Barbara, and similar soil-pits have been installed in the alpine garden 
on Pikes Peak. 

The present installation provides a fairly complete system of graduated 
control, from the unchanged natural habitat at one extreme to single¬ 
factor gradations in plant-house and ecostat at the other. Between these 
in ascending degrees of control fall the transplant gardens, first climatic, 
then edaphic, adaptation gardens, lath-houses, and field-control devices, 
discussed in the next section. In morphogenic experiments, both in nature 
and garden, another type of control is secured by manipulation and mutila¬ 
tion with the object of demonstrating correlation between organs and parts. 

A major objective of experimental adaptation has been to determine 
whether adaptation is a definite process, operating upon all the individuals 
employed in essentially the same manner and degree, and upon a wide 
range of species within the limits set by the life-form. With this is closely 
associated the type of response to each of the several direct factors and 
the degree of correlation between the intensity or duration of stimulus and 
the amount of modification. This requires the measurement of both factor 
and function in community, in garden, and under varying control, and 
has led to the further development of standard, native and free phytometers 
for this purpose. Transpiration and growth are most satisfactorily meas¬ 
ured under the conditions indicated, the latter both directly and by means 
of the bomb calorimeter, while the development and behavior of stomata 
have proved to furnish an especially sensitive index. Preliminary studies 
indicate that a useful index to water relations may be found in determida- 
tions of the osmotic value of the leaf-sap. 

Another group of objectives of the first importance has to do with the 
origin of new forms and the correlation of the modifications found in nature 
and those produced by experiment. This often involves forms derived by 
four different methods, namely, in nature, by transplanting, by direct 
adaptation, and by morphogenic manipulation. Transplanting in large 
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number or in sod-quadrats is obviously one sort of migration, and hence 
has a direct bearing upon climax movements and consequent polygenesiB. 
An equally important result is the light it throws upon both fixity and 
fixation, and the relation of these to the intensity or duration of factor 
dosage. It has repeatedly been found that the stature of alpine dwarfs 
or of lowland “tails” is most readily changed, that leaf size and form come 
next, followed by type of inflorescence, and that flower and fruit are usually 
modified last, apart from mere size. All of this naturally bears upon the 
value and utility of the criteria for species and genera, and to this extent 
contributes to experimental taxonomy. A similar contribution results when 
the species of a phylad, a line of evolution based upon morphological 
resemblance, are modified'by adaptation so that they approach closely or 
overlap. 

Factor Control in Nature ‘ 

For some time an endeavor has been made to bridge the gap between 
natural but uncontrolled factors in the community, and control with unnat¬ 
ural conditions in plant-house and laboratory. This has resulted in a 
number of new devices and the development of a comprehensive system of 
field control through use of transplants and phytometers. 

In the case of water-content, the installation is of the simplest, three 
or four meter-quadrats being placed side by side but separated by a 
shallow trench. One of these is sheltered during times of rain so as to 
receive half the seasonal fall, the second receives the normal rainfall, and 
the others two and four times this amount. For modifying the humidity, 
large shallow pans several feet in diameter are utilized. In the center 
is a rimmed opening through which community and phytometer project, 
the pans being filled respectively with water and with sand. 

The field control of temperature offers greater difficulties, partly because 
it is desirable to modify air and soil temperatures independently in some 
cases and partly because the air must be enclosed. It is a simple task 
to effect great changes in the temperature of the soil by removing the 
turf, packing the pits with snow or ice or with heating manure, and then 
replacing the turf. In the control of air temperature, the necessity for 
enclosing a cubon of air requires a special device for heating and for cooling, 
but this must not change light and humidity too greatly. Such a box should 
possess a glass top, front and sides, and yet be portable, to permit the 
several combinations of air and soil temperatures. 

As noted earlier, the lath-houses at the climatic gardens provide shade 
of 12 and 4 per cent of noon-day sunlight. These, however, are for trans¬ 
plants and adaptation series, and shade-tents are necessary for subjecting 
areas of the community to varying intensities. In the past, these have 
been made of three different kinds of cloth and this type is being continued 
for certain purposes. Because of the nature of alpine light and also for 
more exact comparison with the lath-houses, lath-tents have been con¬ 
structed to yield values of 25, 12 and 4 per cent. These are a meter 
square, as well as a meter high to permit the maximum elongation; they are 
arranged in series of three in each of the important communities, facing 
the south and well spaced to permit good air circulation. 

For a more exact analysis of the effects of radiant energy, filter boxes 
have been employed. These are furnished with Corning glass squares of 
known waver length, fitted to boxes provided with sufficient ventilation to 
maintain both temperature and humidity near that of the outside. In the 
first boxes, four squares were leaded together to give a surface 13 inches 
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each way, and these yielded very striking results. The filter surface of 
the new boxes is 26 inches square; in both the filter is inclined to permit 
better illumination, and the boxes are turned toward the sun two or three 
times a day for the same purpose. The five initial screens were selected 
to represent as definite regions of the spectrum as possible, from ultra¬ 
violet through blue, green, and red to infra-red. 

A third series of installations for light deals with the length of day, 
i.e., the period of exposure to direct light during the day. In moving 
species up and down through an altitude difference of 8000 feet, as well as 
from sun to shade and the reverse, the displacement of the time of flowering 
sometimes amounts to as much as two months. Dark tents are in conse¬ 
quence employed to furnish exposures of a half and two-thirds of the 
normal day in the hope of throwing light upon photo-periodic response in 
this connection. 


Field Measures of Function 

An extensive instrumental installation, which is being steadily improved, 
serves as an indispensable background against which to project the responses 
to the direct factors as well as the factor complexes. In spite of the value 
of instruments for expressing factors in terms commonly understood, 
phytometers naturally give a much more significant expression of the 
behavior of specient and community. For this reason their number has been 
increased and their application broadened. 

The number and behavior of the stoma are also utilized in these measure¬ 
ments. The daily cycle of opening and closing is an especially delicate 
index of conditions, to the final extreme in those hydrophytes in which the 
stoma is more or less permanently open. The methods employed to secure 
the data indicated are direct vision with laboratory microscope in plant- 
house or garden and hand microscope in the field, stripping the epiderm and 
plunging it in absolute alcohol, and coating the leaf surface with collodion 
or some similar form of nitro-cellulose. The films are easily preserved 
and transported as dry mounts, and are available for study at a moment’s 
notice. In species with a fair range of stomatal opening, they give promise 
of replacing epidermal strips to a large degree. The method has been 
extensively applied during the current season, not only to adaptation 
results in the control and field gardens at Santa Barbara and Pikes Peak, 
but it has also been widely utilized in the endeavor to obtain norms of 
stomatal behavior in a number of different climaxes and seres in the 
course of the ecological reconnaissance of desert, grassland and forest 
associations. 

In connection with transpiration studies in the various climaxes and 
with direct adaptation to various factors have been carried on an extensive 
series of osmotic determinations. At the outset an endeavor has been made 
to establish standards and throw light on the range of variation by measur¬ 
ing the osmotic values of all the leaves of an individual sunflower, the same 
leaf on different plants, and of different portions of the same leaf, or the 
same portion of different leaves. As a rule, the results agreed within half 
an atmosphere; the concentration dropped about an atmosphere each from 
lower to middle to upper leaves, on plants 5 feet tall. In the soil series 
of clay, sand and garden loam, the concentration increased 2.5 atmospheres 
for each soil in this order for the sunflower, but the sequence was not always 
the same for the other species tested. In the case of adaptation to light, the 
results were essentially harmonious for all the species, the values decreasing 
from sun to half-shade and full-shade by intervals of about one atmosphere. 
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Equally consistent and even more striking were the differences in the 
nutrient series, as would be expected. These rose from untreated soil to 
N1 and N2, the extremes being separated by 5 atmospheres in the case of 
Triticum and 11 in that of Layia. 

The primary endeavor is to establish a correlation between osmotic con¬ 
centrations and holard on the one hand, and transpiration on the other; 
incidentally, it is hoped also to relate the daily cycle of osmotic values with 
that of stomatal opening. In this event, it may prove possible to use 
stomatal films and osmotic readings as indexes of the water relations of 
climaxes and of serai stages. 

Modification and Conversion 

As a rule, annuals are more or less readily changed, perennials much 
more slowly. Stature, branching, leaf-form, inflorescence, time of bloom¬ 
ing, and number and size of flower and fruit can be modified almost at will 
by direct adaptation to a particular direct factor, within the range of 
response to the factor. The production of so-called qualitative changes is 
more difficult, but each season yields more of these. Not infrequently they 
are of the order of specific criteria, such as the change of the subulate 
bracts of Verbesina encelioides to broadly foliose ones in 12 per cent shade, 
or the loss of the typical glands of Madia elegans in 4 per cent. 

In the transplant gardens, the perennial habit, the difference between 
seasons, and the need to keep conditions as natural as possible all conspire 
to emphasize fixity of character. Few species show much response during 
the first year or two, except in elongation in deep shade and dwarfness in 
the alpine region, and the former usually increases steadily for several 
years. This is well exemplified by the behavior of Silene acaulis, one of the 
most constant of alpine dwarfs. Transferring it to lower altitudes in the 
sun has resulted in little or no change, but after several years in the shade, 
the leaves have elongated more than five times the normal length, while 
the stem has likewise lengthened and become branched. For five years 
after transplanting, Castilleia ocddentalis underwent little modification, 
but during the past three it has steadily approached C. pallida, from 
which it apparently has sprung. In the same period, Gentiana frigida has 
stretched up in the shade to several times the height of the alpine dwarf, 
has developed several leafy nodes, with a terminal cyme of three flowers 
and lateral ones below. Luzula spicata has elongated gradually from year 
to year, but the breaking up of the compound spike into a racemose 
arrangement of stalked spikes has taken place this year for the first time. 

On the other hand, ’ certain species undergo significant alteration after 
one or two years. This has been the case with Agropyrum scribneri in its 
close approach to A. caninum, and with Luzula intermedia, in which the 
inflorescence has changed to be practically indistinguishable from that of 
L. parvifiora, except as to the larger flowers. However, when the water 
of the habitat is increased to the point of providing for the mechanical 
stretching requisite to rapid modification, the habitual fixity disappears 
much more rapidly and several features may be changed during the first or 
second year after transplanting, especially in the shade. This is partic¬ 
ularly true of the alpine species of Senecio. With S. taraxacoides under 
watered conditions in the shade of the spruce forest, the scape has become 
thrice elongated, with 3 to 4 leaves and several heads, and the leaves 3 to 4 
times the normal length with marked changes in form and lobing. Senecio 
croceus has lengthened even more, with corresponding modifications in 
inflorescence, heads and leaves. With the great elongation of the stem in 
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Sedum roseum go the extreme thinning of the fleshy leaves and the change 
of the flower-cluster from a cyme to an open panicle-like form, or in deep 
shade to 1 to 2 flowers. 

Climax and Climate, by F. E. Clements, E. S. Clements, H. L. Shantz, 
V. E. Shelford and B. C. Tharp 

As indicated previously, the biome is not only modified as a result of 
the adaptation of the specients, but it also undergoes marked changes or 
adaptations through the direct impact of climatic or edaphic complexes upon 
the whole or some part of it. Here again, the ece constitutes the stimuli; 
the complex organism responds first by changes in its functions, these effect 
modifications in form, which when deep-seated bring about far-reaching 
divergences in phyletic development. Changes in phase of the major cycles 
produce the most profound modifications, while minor ones give rise to the 
fluctuations comprised in annuation and aspection. Most conspicuous of 
all but less pronounced than climatic shifts are the adjustments brought 
about by physiographic and soil processes, as represented in succession. 
Finally, the coactions of animals serve as ultimate causes in the production 
of subseres, resembling in some degree the role of pollinating and gall- 
producing insects in connection with the specient. 

The most fertile approach to the problem of development and modifica¬ 
tion in the biome is by way of function. The functions that belong to the 
biome as an entity were long ago recognized as aggregation, migration, 
ecesis, invasion, competition, reaction and succession. More recently, coac¬ 
tion has been added to the list as a consequence of the concept of the biome, 
and adaptation is likewise to be included in the category of community 
functions. 


Experimental Succession 

The importance of experimental methods in the study of succession has 
been recognized for three decades, and the denuded quadrat, the exclosure- 
enclosure and the isolation transect developed in response to this feeling, 
as well as the technique of experimentation in ecesis, competition and reac¬ 
tion. It was also realized that nature provides innumerable experiments of 
her own in this field and that the use of permanent quadrats and transects 
gives to these much of the value of experimental installations. A marked 
deterrent to work of this kind, however, is the great duration of many 
priseres, especially in forest climaxes, which can be encompassed only 
thrpugh cooperation by succeeding generations of ecologists. 

At present an endeavor is being made to combine both earlier and later 
methods into a comprehensive system for the experimental study of succes¬ 
sion and the related functions. This is being applied especially to subseres 
of a wide range, to priseres in sand, and to the alpine climax in particular, 
owing to the ease with which the dwarf vegetation can be manipulated. 
Even in the lithosere and hydrosere, the early stages can be accelerated or 
renewed, to cause them to approach each other or at least clearly disclose 
the direction of movement. Grazing subclimaxes afford peculiarly favor¬ 
able opportunities for hastening the development as well as for demonstrat¬ 
ing the origin of the subclimax in turn. Similar advantages are afforded 
by preclimaxes and postclimaxes, especially those in the sandhills of the 
grassland climax and on the opposite slopes of canyons or ridges. This is 
likewise true of ecotones or mictia of grassland with scrub or forest, such as 
savannah, parkland, holt and heath, though to a much smaller degree when 
the woody species are large. 



274 


CARNEGIE INSTITUTION OF WASHINGTON 


The methods utilized imply control of direct factors to a larger or smaller 
degree, denudation to varying amounts, and the actual transfer of the vege¬ 
tative cover in portions sufficiently large to represent composition and 
structure. Reactions are reproduced in a variety of ways, such as loosening 
or inverting the soil, modifying the humus, changing the type of soil, etc., 
or the effect of the reaction may be modified or destroyed. Finally, with 
respect to coactions, these may be added or eliminated, or their influence 
increased or diminished. In grazing research this has been achieved by 
the use of exclosures and enclosures on a large scale; it may also be secured 
by the removal or addition of animals. 

The experimental areas are regularly organized in sequences when the 
procedure permits, and always provided with controls. As shown under 
adaptation, factor areas are installed with two or more gradients, and others 
with respect to the presence or absence of the process or treatment con¬ 
cerned. Moreover, in burning, clipping, removing or planting, two or more 
areas are required to account for the seasonal effect. A new procedure is 
to include phytometers, usually unsealed, to permit referring the community 
response to a simpler standard. Where grazing exclosures afford protection, 
it is the practice to include in each sequence as many as six or eight 
processes to allow more ready comparison. In the transfer of portions of 
communities, this should be reciprocal and when feasible in duplicate. In 
zoned seres, such as the “gopher gardens” on Pikes Peak, it is practicable to 
remove large sods and fit these together, but in many communities the 
method of transfer has definite limitations. 

Climaxes of North America 

In continuation of the field study of climaxes, several special investiga¬ 
tions have been made in the course of the year. The most extensive of 
these dealt with the sandhills of the mixed prairie with especial reference 
to the succession and the characteristic postclimax of tail-grasses. The 
region visited extends from central Nebraska to southern New Mexico. A 
second journey followed the mountain rim along the western side of the 
Colorado and Mohave Deserts. A half-dozen transects were run from 
chaparral or montane forest at 4000 to 5000 feet to the desert floor with 
special attention to the ecotones and climatic relations of the zones. Among 
the most important results were the confirmation of the view that Yucca 
arborescens belongs to the woodland with Juniperus califomica and Ptnus 
monophylla as the other chief dominants, though the climate of the desert 
slopes today prevents any real expression of the climax. A third trip from 
the edge of the Colorado Desert over the Colorado Plateau to the Painted 
Desert was particularly valuable in revealing much more extensive areas 
of climax pinon-juniper woodland than ever before seen, thus considerably 
modifying the assumption that actual climax areas of this association were 
few in number and very limited in extent. The lack of water along the 
western edge of the Painted Desert has excluded grazing, a rare occurrence 
indeed and hence of great significance in interpreting the role of grazing in 
the modification of grassland generally. Moreover, the juxtaposition of 
desert and the secondary plateau around the San Francisco uplift has 
brought the desert plains and the mixed prairie into intimate contact and 
throws much light upon their respective movements in response to relatively 
recent climatic «hifts. 

In connection with the monographs of the grassland associations, active 
investigation of the coastal prairie of Texas has been continued. Particular 
attention has been given to the structure and distribution of the societies 
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of the seasonal aspects, as well as to the relations to the prairie of the 
so-called brush country adjacent to the Rio Grande River from the Pecos 
country to its mouth. Further work has been done on the savannah of the 
“Cross Timbers” and on valley forest, with especial attention to physical 
factors and in particular to the water relations of the calcareous and 
silicious soils derived from characteristic geologic formations. 

Development and Structure or the Biomb 

The further problems involved in harmonizing the concepts of plant and 
animal ecology with that of the biome have received detailed consideration 
throughout the year. An extensive search has also been made through the 
literature of zoo-ecology and hydrobiology in the hope of disclosing pioneer 
treatments and concepts of significance, and with the object of completing 
the historical background on the zoological side. The major questions con¬ 
cerned have revolved around the nature and limits of climaxes in the water 
and especially the ocean, the basis for life-forms and the possibility of a 
natural system of such forms to include both plants and animals, a logical 
and practicable treatment of biotic reactions, and a dynamic and compre¬ 
hensive classification of coactions. Moreover, while there is little doubt as 
to the general biotic nature and significance of climax and seres on land 
where plants constitute the matrix of dominants, there are many puzzling 
details as to the best limitation and disposition of minor communities, 
especially of motile forms. 

The coordination of climaxes in the ocean and their correlation with 
those on land are rendered difficult almost to the point of impossibility by 
the fragmentary knowledge of populations in the sea—an adequate explana¬ 
tion of the entire absence of attempts to define communities in the pelagic 
realm. From one or two outstanding series of investigations, such as those 
of Petersen and his associates in the North Atlantic, it has seemed that, 
oceanic formations might well have horizontal rather than vertical limits. 
However, when the conditions in the pelagic realm are compared with those 
in a layered land climax, such as a deciduous forest, the similarity in certain 
general features is so striking as to suggest that ocean climaxes likewise 
exhibit layers and should be drawn with vertical limits. The intertidal 
climaxes are simpler in these respects and can be treated very definitely 
after the manner of land climaxes, as Shelford and Towler 1 have shown, 
and a somewhat comparable disposition can be made of the proclimaxes of 
rivers and small lakes. 


PALEOBOTANY 

Researches by Ralph W. Chaney 

During the past year the study of Tertiary floras has been, continued on 
a part-time basis, with half of my time devoted to teaching in the Depart¬ 
ment of Paleontology at the University of California, where the sudden 
death of Dr. William Diller Matthew created an emergency situation in 
September of 1930. 

The discovery during the year of fossil floras in widely scattered areas 
has emphasized the varied nature of the vegetation of the Tertiary, and the 
significance of the study of its migration and distribution. Henry B. 
Collins, of the United States National Museum, with the assistance of 
Captain Edward D. Jones, of the United States Coast Guard Cutter Nortk- 

1 Animat eommnnitiet of the Ban Jean Channel and adjacent a root, Publ. Puget Sound 
Biol. St*., S, 38-72, 1925. 
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land, collected fossil sequoias in the shale on St. Lawrence Island, which 
indicate a former land connection between North America and Asia. 
Situated in the northern part of the Bering Sea, this island appears to 
represent a part of the migration route traversed by the plants and animals 
which have crossed from one continent to the other in Cretaceous and Ter¬ 
tiary times. During the field season of 1931, Herbert L. Mason has been 
engaged in a field study of this and other localities in the Bering Sea region 
and in arctic Alaska; his preliminary reports indicate the discovery of a 
fossil redwood occurrence on the mainland of North America opposite St. 
Lawrence Island. 

Dr. George B. Barbour, working under the auspices of the National 
Geological Survey of China, has collected and sent to Berkeley a flora of 
Pliocene age from Taiku in northern China. This contains species related 
to living plants of that region, which has a cool and rather dry climate of 
the type indicated by the Pliocene plants studied by Dorf in California. 
From the Bugishu Series of the Lake Victoria region in equatorial Africa 
there has been received a small collection of Tertiary leaves and wood 
collected by Dr. E. J. Wayland, director of the Geological Survey of 
Uganda. As might be expected, none of the specimens show any relation 
to the common Tertiary plant fossils of the northern hemisphere, and it is 
anticipated that they will have their closest living equivalents on the 
continent of Africa. 

Mr. Childs B. Frick, of the American Museum of Natural History, has 
turned over for study a collection of Pleistocene leaves and fruits from 
deposits near Fairbanks, Alaska. Associated with these plant fossils are 
well-preserved remains of typical Pleistocene mammals. The plants indi¬ 
cate a climate somewhat warmer than that now found in the Fairbanks 
region, but of a colder and less humid' type than that in the western United 
States during this period. 

Dr. Erling Dorf, of Princeton University, has made collections from the 
Payette of Idaho which give additional basis for referring this flora to the 
Miocene. Dr. Ethel I. Sanborn, of the University of Oregon, is continuing 
her study of the Comstock flora of western Oregon, which will add mate¬ 
rially to our knowledge of the Eocene vegetation and environment in west¬ 
ern America. Miss Susan Potbury is completing a study of a Pleistocene 
flora at San Bruno, California; all of the 18 species recognized are still 
living in this general region, and at least one-third of them represent genera 
not previously found as fossil in North America. 

Researches by G. R. Wieland 

At the close of last summer following attendance at the sessions of the 
International Congress of Plant Sciences at Cambridge, excursions were 
taken to the Cayton Bay on the Yorkshire coast and through the English 
and Welsh coal fields. In the Gristhorpe bed of the Cayton Bay occurs the 
singular archaic angiosperm “Caytonia” of Thomas, in striking abundance 
and beauty of feature as imprints go. The Gristhorpe bed, as known for 
quite a hundred years for fine fossil plant imprints though long neglected, 
consists in very even-textured gray shale a few feet in thickness belonging 
to the Middle Estuarine series of shales and sandstones between the Mille- 
pore Oolite and the Scarborough Grey Limestone. The age is thus Bajocian, 
it being quite certain on the contrary that the occurrence of the Caytonian 
foliage or Sagenopteris in Mexico (Oaxaca) is Liassic. The point to empha¬ 
size is the wide distribution of the Sagenopteris (cf. S. phillipsi) type of 
foliage in the rocks of Mesozoic age on down to the advent of more 
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definitive angiospermous types. There comes into view another link in the 
chain of evidence going to show that even, as already known, the Permian- 
Jurassic fossil leaf record is not inconsistent with a floral and stem record 
which in itself indicates the angiosperm stocks to be exceedingly ancient, 
and their change into the more recognizable types of modern times slow, 
persistent and widespread. 

Consideration of the Mesozoic flowering plants leads more and more to a 
view of angiosperm descent opposed at nearly all points to those older ideas 
of late and restricted origins, first perhaps in the Arctic area, or again some¬ 
where in the southern hemisphere It must, however, be a fact that after 
the basis of leaf form had been laid, the transition into the more character¬ 
istic net venation could and probably did go on at a relatively rapid rate 
after about mid-Jurassic time. The reason that the flowers are not found 
fossil must be that they were always frail, small, soon wilted just as they are 
today, and so not liable to fossilization. Consistently, the absence of a 
petrified stem series is explained by the non-resistance to bacterial decay 
which was probably far more characteristic of all older angiosperms than 
of various modem and obviously specializing forms. Generally said, the 
cycadeoids led in the course of their greater deployment as flowering plants 
to some considerable beds of coal in Triassic-Jurassic times; while it appears 
that the angiosperms may not have contributed markedly to coal making 
until late in Cretaceous time (the Mesaverde, for instance), or long after 
the group had reached a well-established and cosmopolitan status. The 
forests of the littoral of Carboniferous times as often made up of nearly 
pure stands of decay-resisting types forming great bodies of lignite may well 
nave had a vast counterpart vegetation of the uplands which alike from 
the habitats in which it thrived and its chemical constitution, could not 
resist decay, pass through the lignitic stage, and undergo slow alteration 
into such permanent substances as durain and vitrain. It is not understood 
that the more recent coals have ever been investigated from such points of 
view. Infrequence of silicified or calcified dicots is a complementary fact. 

New Ctcadeoids 

During the past year, several most notable additions to the petrified 
cycadeoid series have been secured through courtesy and directly from the 
field. Firstly, during a visit to the Isle of Wight made for the purpose of 
reaching bettered ideas of the Wealden and Greensand as compared with 
the Como and Lakota of our West, through the generosity of Alfred J. Mew, 
Esq., of Shanklin, Isle of Wight, a remarkable Cycadeoidea trunk was 
added to Yale collections. The specimen was found by its donor at the 
entrance to the Chine at Luccomb, the classic locality. It is complete, even 
carrying a portion of the Greensand matrix from which it had been eroded 
without wear, and bears a fine crown of young fronds, as well as a flower 
bud showing a disk of eight stamens. This splendid gift, of one of the 
finest European cycadeoids ever recovered, recalls the Dresden Raumeria 
in the comparable help, afforded in the study of our American series. 

Secondly, through Dr. Ralph W. Chaney a specimen has been forwarded 
which originally came from Montana, apparently the first of the Cyca- 
deoideans to be recognized in that State. The species is considered new, 
and to belong to the same section of the Cycadeoidese as the trunks from 
the San Juan Country. Its point is that the armor is wholly without 
axillary flower buds of any kind or stage of growth; whereas in all the 
abundant material from New Mexico not a single leaf base can be found 
without floral structure of some kind in its axilla. 
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Thirdly, Mr. Rose R. Wolfe, of Stephenville, Texas, has recognised the 
interest of the cycadeoids of the Trinity beds, securing various specimens, 
and turning over to the Yale collections an especially fine and large trunk 
bearing a full crown of fronds, as well as other specimens. It will be 
recalled that Mr. Bart Johnson, of the neighboring town of Comanche, 
donated a handsome stem of the Trinity group to the U. S. National 
Museum. In order to meet these friends, and to get the much-needed view 
of the Trinity beds, a field and lecture trip was arranged and carried out 
during March and April. It proved fortunate in every way and resulted 
in still further finds in the field, in both the Stephenville region and farther 
southwest in the Fredericksburg country; so that the Trinity beds, from 
which previously only the few scattered finds noted in earlier reports had 
come, may now take rank as one of the world’s great petrified cycad- 
yielding terranes, both in number of specimens known and in the variation 
of feature and species they show. Amongst yet others who aided in the 
field work and collection it is wished to thank Professor S. F. Davis, of the 
John Tarleton College and Professor Plummer, of the University of Texas; 
and last but not least, Miss Mamie Dyer, of Tolar, Texas, who gave for 
the Yale collections a branched specimen, almost unexpected among the 
Texas group, and of an exceeding interest because on the dividing line as 
it were between the specialized, heavy-stemmed series and the slender- 
branched types believed to have been the more characteristic for Mesozoic 
times. 

CLIMATOLOGICAL RESEARCHES 

Bt A. E. Douglass 
Fossil Wood Studies 

During the past year the collection of petrified wood from the Yellow¬ 
stone National Park has been continued, resulting in specimens from 46 
different trees as a total, with some 15 duplicate radials. This duplication 
has given an opportunity of studying circuit uniformity in this species. 
This may be defined as similarity in ring record at different directions from 
the center. In this respect the coast redwood is below other trees used 
heretofore in the study of climatic indications in ring growth. 

Coast Redwood Studies 

In the pines of northern Arizona the same years may be readily identified 
across hundreds of miles of country, but trees in coast redwood forests and 
in the Yellowstone silicified forests do not readily show similarity of growth 
for identical years. This greatly interferes with accuracy of result since 
the location of omitted rings can not easily be determined and the climatic 
interpretation is rendered more distant. Active studies are in progress to 
ascertain the degree of climatic interpretation which may be applied to the 
rings of the coast redwood. 

These Yellowstone specimens were ground and polished, a procedure found 
essential in the study of this wood. The rings were then carefully counted, 
measured and plotted, chiefly by Mr. H. Faurest Davis. In one tree repre¬ 
sented by three radials some cross-dating is evident, but in 500 years there 
remained a difference of 17 rings between the two best radials. By means 
of these duplicates, however, it seemed probable that the location of miming 
rings can be determined. As a rule there is a resemblance in the cycle 
analysis of different radials. This suggests the possibility that cross-dating 
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might be done by cycles, and it makes it rather probable that the cycles 
obtained from all specimens, when plotted with frequency of occurrence as 
ordinates, will give the dominant climatic variations during the life of these 
trees. 

The chief difficulty with this species of Sequoia is the splitting and 
merging of rings at any point. Apparently these trees in building an annual 
layer, which constitutes a ring, may put growth anywhere on the outside of 
the trunk without especially making it continuous all the way round. 
Doubtless there are vertical variations as well as horizontal. 

Vabvbb and Swedish Collection 

An important contact was made this year in the inspection of the impor¬ 
tant work of Professor de Geer, of Stockholm, upon varves or clay layers 
prevailing in surface deposits in the Swedish peninsula. The similarity to 
the work on tree rings is evident. Each deals with annual records extended 
into a long and accurate chronology. Each system uses cross-dating be¬ 
tween different localities as the fundamental source of accuracy. Each 
sought and found verification by studies of specially difficult rings or varves. 
Each supplies prehistoric dating. 

Very satisfactory cross-dating with climatic significance was found in 
pine trees near Abisko, north of the arctic circle. A preliminary study of 
south Sweden specimens disclosed some variability in the pine rings, Pinas 
sylvestris, and more favorable steadiness in the spruce, Picea excelsa. 
Especial appreciation is here expressed for the privilege of securing speci¬ 
mens from the logs used in the old Swedish houses at Skansen, the open-air 
museum at Stockholm, maintained under the direction of the Nordisk Mu¬ 
seum. The former result of a strongly marked 11-year cycle in North 
German trees, coinciding in phase with the sunspot numbers, was confirmed 
by a more extended collection at Eberswalde. This was accomplished by 
the assistance of Professor Wittich, Supervisor of Forests and professor in 
the university there. 

Miscellaneous Studies 

During the past year work has been continued upon the 3000-year curves 
of Seqyxna gigantea of the Sierra Nevada. Substantial work has also been 
done in reducing to standard form the curves derived from the Arizona 
pines, extending back to 700 a,d. 

Much time has been spent in attempting to extend the Arizona chronology 
back from the year 700 a.d. Many superb records from the vicinity of 
Flagstaff have been placed at our disposal by the courtesy of Dr. H. S. 
Colton and the Museum of Northern Arizona. These supply a correction 
of two years in the early records of the Eighth Century, a correction long 
suspected but for which previously there was no definite evidence. It is of 
great interest to note that Dr. Colton and his colleagues at Flagstaff are 
working on a series of pit houses buried by the last cinder eruption from 
Sunset Crater, and that these pit houses are supplying^ excellent tree ring 
records for future dating. One of the most important sources of material 
for chronology extension is the collection secured several years ago by Mr. 
Earl H. Morris, from early Pueblo ruins in the Chinlee area and post 
basket maker locations in the La Plata region. These give great promise 
of extended additions to the chronology already develop®! 

Methods of cycle analysis have been made more convenient. The pro¬ 
cedure now consists of a series of about 50 cyclograms made from each 
curve at appropriate intervals through the total range of 5% to 40 years in 
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cycle length. These exposures are made on standard size film, which is then 
placed in a small projector and any individual cyclogram can be examined 
as long as desired. 

CYTOLOQICAL INVESTIGATIONS 
By John Belling 

Study was made of the leptotene chromomeres of several liliaceous plants, 
including Liliuvn, SciUa, Hyacinthus, Allium and Galtonia; and also Nar¬ 
cissus and Rhoeo. The chromomeres showed no sign of a longitudinal 
division, but were spherical. 

Zygotene chromomeres were examined in Lilium, Scilla, Galtonia, Tra¬ 
descantia, Rhoeo, Hyacinthus, Allium, Agapanthus, and other plants. The 
method of synapsing (conjugating) seemed to show that only homologous 
chromomeres attracted one another. 

Pachytene chromomeres have been studied in about a dozen plants, both 
by the iron-acetocarmine and the iron-brazilin methods. It was proved, 
by destaining, that only one gene is visible in each chromomere at early 
pachytene in Allium. (By the same method, ultimate chromomeres have 
been demonstrated at diaphase in Aloe.) 

A renewed study of the diplotene stage in Fritillaria, Lilium, and other 
species, showed, in the writer’s opinion, that the primary split alone opened 
out at diplotene. This was proved by the chromomeres. Conclusions drawn 
from preparations which do not show the chromomeres at diplotene do not 
seem reliable. 

Since the writer was unable to find proof that broken chromosomes unite 
again, he has formulated a hypothesis of crossing over which does not 
require this, and it is the only hypothesis not requiring it. It is also the 
only hypothesis explaining also translocations, inversions and exchanges 
between non-homologous chromosomes. 

The writer has completed a study, mainly in Lilium and Tulipa, of the 
numbers of nodes or chiasmas. In these studies only cells in which all 
12 bivalents were available for examination were used. The decrease in 
the numbers of nodes, and the appearance of terminal junctions that were 
not chiasmas, were also studied. 

Lately an examination of living chromosomes has been in progress. These 
can be well seen when the contents of anthers are examined in squeezed-out 
preparations, without the addition of any liquid, and as soon as possible. 
Somatic divisions, mainly in the staminal hairs of Tradescantia, have been 
studied alive, and also in iron-acetocarmine and iron-brazilin preparations. 
The writer agrees with Belar that a chromonema is visible in Tradescantia 
virgindana in all living metabolic and interphase nuclei, seen in anther 
juice, although it may be invisible in sugar solutions that are not correctly 
made. A stage in the somatic divisions that does not seem to have been 
previously observed in sectioned or other material has been discovered. 
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Louis A. Bauer, Director Emeritus 
John A. Fleming, Actino Director 

GENERAL SUMMARY 

The year July 1,1930, to June 30,1931, was devoted largely to develop¬ 
ing undertakings already inaugurated and to the reduction and discussion 
of accumulated observational material rather than to the launching of new 
enterprises and extensive acquirement of new data. Accordingly, effort was 
concentrated on the discussion and preparation for publication of a large 
amount of material already accumulated in the magnetic survey and at the 
observatories in Peru and Western Australia and in beginning interpreta¬ 
tion of the results. Excellent progress was also made in compiling the vast 
material pertaining to oceanology, biology and meteorology secured on 
Cruise VII of the Carnegie, to the end that the first volume presenting the 
physical oceanographic results may be issued in 1932. 

The year was also marked by the active participation of the staff in aid¬ 
ing formulation of plans for one of the greatest international projects for 
the acquirement of geophysical data yet attempted—the Jubilee Interna¬ 
tional Polar Year proposed for 1932-33. Data in terrestrial magnetism 
and electricity are sorely needed in the polar regions, where extreme con¬ 
ditions in the variations of the natural phenomena exist, in order to provide 
more reliable material in the large areas above 60° north and south lati¬ 
tude for extension of the Gaussian harmonic analyses which have hereto¬ 
fore been practically limited to the region between latitude 60° north and 
60° south because of the paucity of polar data. 

The interpretation of accumulated data and the study of magnetic corre¬ 
lations with other geophysical, solar and cosmic phenomena received great 
impetus through the generosity of the Prussian Ministry in making possible 
the residence as research associate of the Institution for one year from April 
1,1931, in Washington with the Department of Dr. J. Bartels, a German 
authority on terrestrial magnetism and electricity, to supplement and to 
counsel on discussions already under way by members of the staff. 

Complete magnetic records and tabulations derived from observations at 
Watheroo, Western Australia, during the twelve years 1919-1930 are now 
available. For all theoretical investigations, this Observatory, because of 
its isolated position in the southern hemisphere, is the only source of our 
knowledge about the magnetic conditions over a large part of the globe, so 
that an ample discussion is urgent. Apart from the ordinary computation 
and harmonic analysis of the solar diurnal variation on all days and on 
international quiet days, two special reductions were initiated by Bartels. 
He also took up the study of stereographic projections as a means of more 
effectively interpreting and demonstrating terrestrial-magnetic phenomena. 
In accordance with a plan for the reduction of Watheroo magnetic data for 
lunar variations prepared by Bartels, the work was begun and Miss H. 
Assmann of Berlin was temporarily engaged in preparing the data for dis- 
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mission from copies of the tabulations of the Watheroo material for 
1919-1930. 

The investigation of correlation of the initial impulses of magnetic storms 
is progressing. Some twenty foreign observatories have generously coop¬ 
erated by sending photographic reproductions of magnetograms showing the 
storms of January 29 and March 29, 1924, September 21, 1925, March 5, 
1926, January 24 and May 27, 1927, and October 18, 1928. With these, 
magnetograms of five observatories kindly loaned by the United States 
Coast and Geodetic Survey and those of Watheroo and Huancayo make 
a total of 27 observatories more widely distributed over the world than has 
been possible heretofore. In connection with this investigation, an appara¬ 
tus has been designed to reproduce photographically magnetograms to one 
common scale, thus effecting a large saving of time required in laborious 
compilation of data. 

The manuscript giving results of the research on the effects of pressure 
on the critical temperature of magnetization of iron and other ferromagnetic 
materials done in cooperation by Adams of the Geophysical Laboratory and 
Green of the Department was completed and accepted for publication in the 
Philosophical Magazine. 

The investigations in atmospheric electricity were materially forwarded 
during the year by compilations and reductions of accumulated data, by 
further critical study of the action of Aitken nuclei, and by the designing 
and testing of a large-ion counter for use in the study of the factors and 
laws determining ionic balance in the atmosphere and its relation to atmos¬ 
pheric pollution. The discussion of earth-current data at Watheroo, Huan¬ 
cayo and Tucson show very close correlation between magnetic and earth- 
current disturbances. 

The magnetic, atmospheric-electric, earth-current and meteorological pro¬ 
grams at the Watheroo and Huancayo observatories, the atmospheric-elec¬ 
tric program in the Deck-Observatory at Washington, and the cooperative 
work in atmospheric electricity with the Apia Observatory of the Depart¬ 
ment of Scientific and Industrial Research of New Zealand and at the 
Tucson Observatory of the United States Coast and Geodetic Survey were 
maintained. At Tucson, earth-current apparatus was installed in coopera¬ 
tion with the United States Coast and Geodetic Survey, the Mountain 
States Telephone and Telegraph Company, and the American Telephone 
and Telegraph Company. In order to obtain data on solar correlations, 
arrangements were completed with the Mount Wilson Observatory for the 
loan and installation of spectrohelioscopes at the Huancayo and Watheroo 
observatories. In cooperation with the Institution’s Advisory Committee 
in Seismology, arrangements were also made to place a seismological obser¬ 
vatory at Huancayo, thus providing essential data from a station to the 
south of the five stations operated by the United States Coast and Geodetic 
Survey and of the stations planned for the Canal Zone. Provision was 
made to install radio equipment at Huancayo. In view of the correlation 
of terrestrial-magnetic phenomena with movements of the Kennelly-Heavi- 
side layer, construction has been begun of apparatus for automatically 
recording variations in the height of the layer; it is hoped that the instal¬ 
lations may be completed at both observatories in 1932. 
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The artificial production of beta- and gamma-rays of energies equivalent 
to most of those emitted by radioactive substances, using equipment devel¬ 
oped at the Department during past years, was demonstrated by measure¬ 
ments. Other measurements showed the production of large numbers of 
high-speed protons (hydrogen nuclei) of energy-equivalents up to 800,000 
volts. Refinements were developed making possible the continuous opera¬ 
tion of Tesla coils and tubes at peak-voltages of 1,500,000 or more, and a 
study of nuclear collisions and a search for possible nuclear (atomic) disin¬ 
tegration using protons of these energies is under way. Looking toward the 
ultimate extension of the work to super-radioactive energies, an impulse- 
generator method utilizing concentric Faraday cages, theoretically unlimited 
as to the voltages attainable, was devised and preliminary tests made. 

The importance of these researches is evidenced by the award made by 
the American Association for the Advancement of Science of its eighth 
annual prize to Tuve, Hafstad and Dahl for the paper presented by them at 
the Cleveland meeting in 1930 on “Experiments with high-voltage tubes.” 

Experiments were continued using multiple coincidences of Geiger-Miiller 
tube-counters for studies of the penetrating-radiation. There is no doubt 
that this method provides a powerful tool for investigating the real nature 
of “cosmic rays” and their properties. 

The reductions and compilations of the work in physical and chemical 
oceanography from observations made aboard the Carnegie were continued 
throughout the year. The bottom-samples and the biological samples were 
prepared for distribution to various specialists for report. As in the pre¬ 
ceding year, this work has been greatly forwarded by the active and gen¬ 
erous cooperation of many organizations and individuals. 

Important instrumental advances were made for magnetic and electric 
determinations. Improvements are being devised for the marine collimat- 
ing-compass having in mind the reduction of dynamic deviations so trouble¬ 
some in any observations at sea. The design of a submerged, non-magnetic 
ocean-magnetograph which may be towed from any ship for recording the 
magnetic elements is in development. Improved apparatus for the experi¬ 
mental investigation of dynamic deviations is now completed and ready for 
use. 

The problems in terrestrial magnetism and electricity and in atomic 
physics are so complex that coordinated effort is essential to effect any real 
headway. To forward such coordination three members of the staff spent 
some time in Europe. The Acting Director and Harradon attended, as 
delegates of the National Research Council and National Academy of 
Sciences, the Fourth General Assembly of the International Union of 
Geodesy and Geophysics at Stockholm in August 1930; during August and 
September they visited many organizations and individuals carrying on 
research in the Department’s fields in Germany, France, Finland, U. S. 
S. R., and England, and through numerous personal contacts discussed 
means of effecting coordination and cooperation. Hafstad also spent two 
months in Europe studying experimental investigations on high-voltage and 
allied problems and discussing various aspects of our own work. Tuve 
spent June on the west coast in similar studies and discussions. 
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The Department’s policy of cooperating with other investigators and 
organizations interested in its geophysical researches was maintained. This 
was particularly the case in endeavors to increase the magnetic secular- 
variation material so urgently required not only for advances in terrestrial- 
magnetic theory but in increasing importance in the application of geophys¬ 
ical methods to the investigations of the Earth’s crust to great depths. 

Dr. Harry M. W. Edmonds, magnetician on the staff since 1910, was 
retired on half-pay December 31,1930. He was intimately associated dur¬ 
ing his long service with the four major activities of the Department. For 
a number of years he was on the Carnegie and was in command of her fifth 
cruise; in 1913 he accomplished a hazardous magnetic expedition into the 
Hudson Bay region; in 1919 he took charge of the construction of the Huan- 
cayo Magnetic Observatory; in 1921 while assisting in the reorganization 
of the magnetic and atmospheric-electric program of the Apia Observatory, 
he supervised the extension of the magnetic survey in the Pacific islands. 
Since 1922 he was engaged at the office in making final reductions of the 
first ten years’ results obtained at the Watheroo Magnetic Observatory. 
The Institution may well be proud of his distinguished service to terrestrial- 
magnetic science in this Department. 

INVESTIGATIONAL AND EXPERIMENTAL WORK 

TERRESTRIAL MAGNETISM AND ELECTRICITY AND COSMICAL 

RELATIONS 

The theoretical investigations during the year were in large measure in 
continuation of those noted in last year’s report (pp. 252-254). 

Solar activity and secular variation —Fisk’s study of relations between 
solar activity and secular variation was extended to include data to date. 
The results confirm the apparent lag between solar activity, indicated by 
sunspot-numbers, and magnetic activity, indicated by the mean magnetic 
character-numbers, shown by the previous discussions. The difference be¬ 
tween annual changes derived from all-day means and selected-day means 
for the Cheltenham data showed that this difference fluctuates in agreement 
with sunspot-numbers, and it is significant that the same sort of lag exists 
here as is indicated by comparison with magnetic character-numbers. 

The gradual accumulation of reliable data from various parts of the 
Earth, notably from the magnetic observatories, permits a progressive re¬ 
finement of the charts showing the distribution of the rates of secular varia¬ 
tion. The period covered by the records of many of the existing observa¬ 
tories has now become sufficient to permit a comparative study of the fluc¬ 
tuations in secular rate with more detail than has been practicable hitherto. 
These fluctuations, particularly in the case of the horizontal component, are 
found by the analysis made by Fisk to follow closely the sunspot-cycle, as 
was expected, due to the after-effects of magnetic storms, but interesting 
variations of amplitude with geographical region were revealed. Such fluc¬ 
tuations are of a magnitude sufficient to modify very considerably the ap¬ 
parent secular change determined from observations at single stations in the 
field and must be taken into consideration in the most accurate determina¬ 
tions. A condensed account of the results of this investigation for hori¬ 
zontal intensity was prepared for the third report of the Committee to 
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Further the Study of Solar and Terrestrial Relationships of the Interna¬ 
tional Research Council. 

Bartels prepared an outline on the reduction of the Watheroo magnetic 
data for lunar variations, which it is expected may be completed within the 
next two years. This is planned to give the most detailed information on 
the lunar variation but will limit the subdivision of the material so that 
(1) the amount of data used in each group will be large enough to reduce 
accidental variation in the average, (2) arithmetical work will be cut down 
without risking accuracy, (3) the average solar variation will be obtained 
for each group, (4) continuation of the computation for data accumulated 
in future years may be easily added, and (5) comparison with similar work 
done for other organizations will be readily possible. The outstanding the¬ 
oretical interest in this work is the remarkable difference in the changes of 
solar and lunar variations with respect to magnetic activity and sunspot 
cycle, lunar variations being affected more by magnetic activity of the par¬ 
ticular day but very slightly by sunspot-cycle, which clearly affects the 
solar variation. Therefore, the data are being grouped according to (1) 
season, (2) final relative sunspot-numbers, and (3) magnetic activity. The 
compilations in accordance with this plan were begun in June under Bartels’ 
direction with some help from Kolar and Scott and are proceeding with tem¬ 
porary assistance from Miss H. Assmann in Berlin. 

Magnetic activity —Measures of activity derived from the sum of changes 
of ordinates by the ordinate-integrator were further compared by Duvall 
with other measures and resulting correlation-coefficients determined. 
While actual numerical work on this measure was not completed beyond a 
single month, the results indicate that a high degree of similarity at the 
different observatories may be expected. It is hoped by theoretical con¬ 
siderations one may be able to find relations between ordinate-change meas¬ 
ures for observatories in greatly differing geographic locations. Following 
the resolution adopted by the Association of Terrestrial Magnetism and 
Electricity of the International Union of Geodesy and Geophysics at Stock¬ 
holm in August 1930, Duvall began the compilation of the measure of 
activity proposed which involves the extreme ranges in horizontal and 
vertical intensity, namely, (HR a -\-ZRz)/10,000, for the Huancayo and 
Watheroo observatories beginning with 1929. 

Magnetic storms —Progress was made by Peters in the scalings and com¬ 
putations of the initial impulses of seven magnetic storms, as recorded on 
the magnetograms of 27 observatories. The United States Coast and 
Geodetic Survey and some 20 foreign observatories have assisted in this 
investigation by sending copies or loaning original magnetograms. Because 
of the addition of several new observatories, the data thus available are 
more widely distributed over the Earth than haB been possible heretofore. 

In the latest studies by Wallis of the arctic data obtained during the 
MacMillan expeditions of 1921-22 and 1923-24 in connection with results 
at selected observatories elsewhere, the principal aim has been to locate the 
sources of magnetic disturbances. Several sudden changes in the Earth’s 
magnetic field, which appeared to be simultaneous over the Earth’s surface, 
were selected. The projections of the total-intensity disturbance-vectors 
were plotted on the meridian-planes and on the plane of the equator. It 
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was found that the meridian-plane projections, with one or two exceptions 
perhaps, all pointed in one general direction, either toward or away from 
the polar regions. The equator-projections showed a tendency to point 
either toward or away from the magnetic axis of the Earth. However, in 
both projections there were occasional exceptions to the rule in the case of 
individual stations. The material leads to the impression that the disturb¬ 
ances may be caused by electric currents circulating around the Earth in 
the region of the auroral zone. 

Arctic magnetic charts —The interest in polar research and exploration, 
created in part by the proposed International Jubilee Polar Year, made it 
desirable to prepare magnetic charts of the Arctic Ocean and surrounding 
land areas compiled from the latest available observations. Fisk prepared 
such charts for declination, inclination, horizontal intensity and total inten¬ 
sity, and a chart showing magnetic meridians, utilizing the compilations of 
data maintained by Peters, including available data obtained by more recent 
expeditions. On the charts the unsymmetrical distribution of the intensity- 
components with respect to the magnetic north pole was an especially note¬ 
worthy feature. Of practical importance is the fact that the area of feeble 
horizontal intensity (the force upon which the satisfactory functioning of 
the compass depends) extends in a long band from the northern part of 
Canada across the Arctic basin to the most northern land of Siberia at 
Lenin Land north of Cape Chelyuskin. These charts will serve as a work¬ 
ing basis for the study of secular change within that area when the data 
expected from the completion of the proposed Polar Year campaign become 
available. 

Magnetic work at sea and dynamic-deviation investigation —Consider¬ 
able time was given by Fleming, Peters and Soule to possible solution of the 
problem of making magnetic observations at sea in cooperation with expe¬ 
ditions or organizations employing vessels or proposing to build vessels of 
ordinary construction. In this connection, improvements were suggested 
for reducing the motion of the magnet-system and improving the optical 
arrangements of the marine collimating-compass. The possibilities of 
securing automatic registration of magnetic elements below the surface or 
in the air away from the ship were given much study, but a practical solu¬ 
tion is yet to be reached. 

The automatic swing for recording photographically experiments on ship- 
deviations is in the final stages of completion and is being set up in the 
Standardizing Magnetic Observatory at Washington. The details of this 
apparatus were devised by Huff according to the requirements suggested by 
Peters’ earlier experiments and further theoretical considerations. 

Photographic method of changing the ratio of ordinate-scale to abscissa- 
scale —Peters and Green developed a photographic method for the purpose 
of reproducing magnetograms or other continuous photographic records 
made at different observatories on the same scales as regards both time and 
value of magnetic or other recorded element with all the minutiae of detail. 
In making photographic exposures of the photographic record and the re¬ 
sulting negative, the sensitized paper is inclined at predetermined angles 
depending upofi the modifications required of the abscissae and ordinates, 
respectively, and upon the condition that the respective scales be uniform 
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throughout the final positive. While there is no limit theoretically to the 
choice of ratio desired between the scale of ordinate and the scale of 
abscissa, the limit is fixed in practice by the depth of focus available, and 
the smallest stop usable, or by the number of repetitions of the operation 
of two exposures. Actual tests and photographic prints were made, using 
an experimental set-up in which the final ordinates were made about three 
times as long as the original with respect to the abscissae in one operation 
of two exposures and which fully demonstrate the feasibility of the method. 
Final designs were completed for this apparatus and it is in construction. 

Atmospheric pollution —It has been well established that the presence of 
nuclei affects the number of large and small ions in the atmosphere, and 
consequently the value of the atmospheric conductivity. The potential 
gradient is in turn affected by the altered conductivity, but is also affected 
by the presence of space-charge which results from a preponderance of large 
and small ions of given sign. There is thus an intimate relation between 
the atmospheric-electric elements and atmospheric pollution. An investi¬ 
gation was undertaken by Wait and Torreson to examine the relationships 
existing between large ions, small ions, and condensation-nuclei and to 
determine the character of the nuclei. A large-ion counter was completed 
and is being used simultaneously with a small-ion counter and a condensa¬ 
tion-nuclei counter. 

Publications —The first of a contemplated series of manuscripts giving 
detailed descriptions of the Department’s specially designed apparatus re¬ 
quired in its research fields was completed by Torreson. This describes in 
detail the standard observatory-type of conductivity-apparatus; it discusses 
the theory and the construction, installation, adjustment and operation of 
the instrument, with notes on the interpretation of records obtained with it. 
A second manuscript is in preparation by Gish on the earth-resistivity ap¬ 
paratus developed after his design and so successfully used in the field 
since 1924. 

Abstracts of published material and of investigations not yet published 
are given in the section of this report “Abstracts of publications and inves¬ 
tigations.” 

RESEARCH ASSOCIATES AND COLLABORATORS 

Dr. J. Bartels, with the permission of the Prussian Ministry, was allowed 
leave for one year from April 1, 1931, from his chair of physics at the 
Forsthochschule in Eberswalde, Germany, and his duties as Privatdozent in 
Geophysics at the University of Berlin, that he might be in residence at 
Washington as a research associate of the Institution with the Department. 
Research Associate H. U. Sverdrup continued at Washington until August, 
and after his return to Bergen continued this connection through the report- 
year. G. Breit, A. E. Kennelly and Greenleaf W. Pickard continued as 
research associates throughout the report-year. Grateful acknowledgment 
is made to these five men for their constructive suggestions and for material 
collaboration they have extended in the investigations and interpretation 
of data. 

Since coming to the Department, Bartels has undertaken, with computing 
assistance from Ennis, Kolar and Scott, interpretative studies relating par- 
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ticularly to the magnetic data obtained at the Watheroo Magnetic Obser¬ 
vatory which are now completely compiled and available for the twelve 
years 1919-30. Apart from the tabulations and analyses of solar diurnal 
variation for all and for the international quiet days, he began two special 
discussions. The first is planned to give the solar and lunar magnetic 
variations and their changes with season, sunspot-cycle and magnetic 
activity. The second is a harmonic analysis of the diurnal variation on 
single, very quiet days (with international magnetic character-figures 0.0 
or 0.1); results obtained up to now confirm the conclusions of S. Chapman 
and J. M. Stagg with regard to the surprisingly large variability of the 
phenomenon, but amplify them in tracing, in addition to the changes in 
intensity, considerable systematic phase-changes. The possible bearing of 
this variability on solar ultra-violet radiation was extended to a harmonic 
analysis of about 350 very quiet days at Watheroo, and Bartels presented 
a paper on the results before the American Geophysical Union, April 30, 
1931. An analytical method was outlined which will ultimately use these 
magnetic data for investigating changes in the solar ionizing agency. 

Investigations by Bartels of the monthly normal values for Watheroo 
from 1919 to 1929 reveal, in the deviations of the monthly means from the 
normal values, a pronounced annual variation which in the sine-wave of the 
12-month periods is opposite in phase to that found at Potsdam—an unex¬ 
pected feature in the annual variation. 

The inadequacy of ordinary plane drawings or curves for the representa¬ 
tion of phenomena in three dimensions is keenly felt in terrestrial mag¬ 
netism, where the changes in time and space mostly affect all three com¬ 
ponents of the vector of the magnetic field. Therefore, formulas for 
stereoscopic representation were derived, and several series of stereograms 
bearing on diurnal, annual and storm-time variations at Watheroo were 
prepared with the assistance of Ennis. They convey a vivid impression of 
the actual phenomena. 

Bartels also is revising and extending to 1929 the u-measure of monthly 
means of magnetic activity, based on the interdiumal variability of the 
horizontal intensity. Besides the stations formerly used (Bombay, Bata¬ 
via, Honolulu, Porto Rico, Potsdam and Sitka), Watheroo will represent, 
since 1919, conditions in the southern hemisphere. For periods of a month 
or of greater length, the u-measure has been shown to be an adequate meas¬ 
ure of activity, especially for comparison with average sunspot-numbers. 
The Director of the United States Coast and Geodetic Survey courteously 
supplied, from manuscript not yet published, the horizontal-intensity data 
for the years 1925 to 1930 for the Honolulu, Cheltenham, and Tucson obser¬ 
vatories for use in this discussion. 

Dr. Breit’s activities as research associate were largely in connection with 
the investigations he is following as a member of the faculty at New York 
University and are briefly summarized in this report under the section 
devoted to magnetism and atomic physics. 

Dr. Kennelly attended the Assembly in Stockholm, August 15-23, of the 
International Union of Geodesy and Geophysics as one of the American 
delegates representing tile Institution. He presented before the Section of 
Terrestrial Magnetism and Electricity a paper "Cosmic phenomena infiu- 
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encing the propagation of radio waves” in the preparation of which he 
incorporated suggestions from the Department. With the permission of the 
officers of the Union, he held an informal meeting of the Liaison Commis¬ 
sion of the International Union of Scientific Radiotelegraphy, August 18, at 
which some of the radiocosmic phenomena of joint interest to both unions 
were considered and discussed. At this joint meeting, it was pointed out 
that the service of American URSIgrams (daily radio bulletins of radio- 
cosmic variations capable of affecting radio transmission) had been inaugu¬ 
rated by Science Service, under the auspices of the Army, Navy, and vari¬ 
ous American scientific institutions, August 1,1930. 

Mr. Pickard reports that in August 1930 the recording of night-fields 
from station WBBM of Chicago was transferred from the Harvard Astro¬ 
nomical Laboratory, Cambridge, Massachusetts, to Tufts College, Medford, 
Massachusetts. Continuous records are now being made of stations oper¬ 
ating at 17.8, 770 (WBBM), and 7415 kilocycles at Tufts College. With 
the able assistance of Professors P. A. de Mars and G. W. Kenrick, many 
improvements in apparatus and technique were made. Perhaps the most 
important advance has been the adoption of a logarithmic or decibel scale 
for the records, in place of the square-law and linear scales previously used. 
It is now possible to cover any desired range of field-intensities without 
change of scale; for example, one of the Tufts recorders has a working range 
of 50 decibels, or a change in field of 300:1. 

Howell C. Brown continued his nightly recording of San Francisco broad¬ 
cast transmission at Pasadena, California, which started in July 1927. 
There are thus available for study two practically unbroken night reception 
series, one of five years and four months, and the other of four years. 
While these records are short in comparison with Austin’s low-frequency 
day measurements of Nauen and other European stations, which began in 
1915, they are peculiarly valuable as the only night reception measurements 
in the broadcast band which cover any extended period. 

Some time ago it became evident that a 15-month period of large ampli¬ 
tude existed in night reception. But early in 1929 this cycle apparently 
abruptly changed phase by about 160°, with an accompanying change of 
phase for the same cycle of 60° for sunspots and 210° for terrestrial mag¬ 
netism, resulting (for this particular cycle) in changed relations between 
solar activity, magnetism and reception. 

Although the data on night transmission are still insufficient for the de¬ 
termination of the longer cycles, or even for the complete separation of 
solar-rotation and lunar periods, preliminary studies have been made and 
published of the apparent relation between the seasonal meteor-showers and 
reception and also of the relation between lunar altitude and reception. It 
is hoped that broadcast transmission over the present carrier-frequencies 
will continue for another decade, by which time sufficient material will be 
available for a satisfactory study of these and other relations. * 

Abstracts of papers having to do with the above investigations by 
Pickard, Kenrick and de Mars are included in the section of this report 
giving “Abstracts of publications and investigations.” 

Dr. Sverdrup, who was in residence at Washington from March 5 to 
August 6,1930, continued taking part in the reduction of the oceanographic 
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and meteorological data from the Carnegie’s last cruise. During July and 
the first week of August he completed several memoranda dealing with the 
preparation for publication of the numerous graphical representations of 
the oceanographic observations and the final form of the arrangement of 
the data. 

After his return to Bergen during the winter he was kept in touch with 
the progress of the work and acted in an advisory capacity. In February 
he made some suggestions as scientific leader of the Wilkins-Ellsworth 
Trans-Arctic Submarine Expedition as to the magnetic instruments, tents 
and equipment for Observer Soule, who had been assigned to take part in 
this Expedition with which the Department cooperated. 

Blue-prints of all graphs and tables for the oceanographic results of the 
Carnegie were received from the office by Sverdrup during February and 
March, and from the end of March until the middle'of May he devoted all 
his time to the discussion of the data. In June, Soule, who reported in 
Bergen on May 9 to join the Wilkins-Ellsworth Expedition, assisted him in 
the revision of his manuscript which was forwarded to the Department at 
the end of June. Abstracts of this manuscript and of other papers by 
Sverdrup prepared in connection with his research associateship are briefly 
summarized later in this report. 

MAGNETISM AND ATOMIC PHYSICS 

Tuve, Hafstad, Dahl, Patton (expert glass-blower available on a part- 
'time basis through the continued courtesy of the United States Naval Re¬ 
search Laboratory) and Varela (October 13, 1930, to May 31, 1931) con¬ 
tinued the experimental work in atomic physics. 

It is of interest to report the recognition of the Department’s activities in 
the field of atomic physics by the American Association for the Advance¬ 
ment of Science which made its eighth annual award of a $1000 prize on 
January 3, 1931, for the paper “Experiments with high-voltage tubes” re¬ 
garding the developments of the Department’s work submitted by Tuve, 
Hafstad and Dahl at the Cleveland meeting. It is to be noted that “This 
prize is awarded each year to the author of a noteworthy contribution to 
science presented at the annual meeting and shown in the general program.” 

The following summaries briefly review the experimental and theoretical 
progress made. 

EXPERIMENTAL 

High-voltage work —Observations and measurements on the artificial pro¬ 
duction of beta-rays, gamma-rays and high-speed protons by the high- 
voltage tubes and Tesla coils developed at the Department during the 
previous several years, necessarily preliminary to any endeavor to use such 
artificial rays for atomic-physics studies, have occupied a large portion of 
this report-year. 

Measurements of the magnetic deflection of the high-speed electrons 
(beta-rays) emitted by the tubes demonstrated the artificial production of 
beta-rays of radioactive speeds and constituted a verification of the voltage 
measurements as made by the capacity-potentiometer method for several 
years. Observations on the beta-rays were made using the electron-emis¬ 
sion from a hot filament at the high-voltage end of a tube having a fixed 
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voltage distribution, obtained by connecting the cascaded electrodes of the 
tube to taps on the Tesla coil-winding. Such a tube remains dark (no 
flashing), and the total current through the tube is only that from the fila¬ 
ment. The small emission obtainable from a filament operative for the 
few microseconds per primary spark during which the full voltage of the 
Tesla coil is applied to the tube does not give sufficient bombardment of a 
target to produce a measurable intensity of high-voltage X-rays (gamma- 
rays). Consequently, for gamma-ray measurements, the tubes were made 
to flash at the instant of reaching maximum voltage by connecting the Tesla 
coil-terminal to the end-electrode of the tube, with the intermediate elec¬ 
trodes of the tube electrically floating, thus giving a non-uniform distribu¬ 
tion of voltage. A point-flasher was provided in the highest voltage elec¬ 
trode of the tube when using this “end-on” arrangement. Absorption 
measurements through 1, 2 and 3 inches of lead were made, using a Geiger- 
Miiller tube-counter, shielded by a large block of lead, on the gamma-rays 
from tubes operating at peak of roughly 1300 kilovolts. These observa¬ 
tions showed that after filtering through 1 inch of lead the gamma-rays 
from the tubes had approximately the same absorption coefficient (0.5 to 
0.4) as that found for the gamma-rays from radium, using the same lead 
filters and measuring instrument. The gamma-rays from the tubes were of 
small average intensity, due to the very short duration of the high voltage 
for each primary spark. A few further experiments during the year indi¬ 
cated that the Tesla coil is hardly a suitable voltage-source for the produc¬ 
tion of intense gamma-rays by reason of the difficulty of obtaining the very 
large instantaneous emission of electrons from the high-voltage end of the 
tube to the target which is necessary to utilize the power-output available 
from the coil. An available power-output of one kilowatt at one spark per 
second is readily attainable. For physical studies using artificial gamma- 
rays, a more constant voltage-source is practically a necessity, and during 
the past two years considerable attention has been given to the determina¬ 
tion of various engineering design features which must be incorporated in 
the specifications for such a voltage source, for example, to insure safety 
from breakdown due to surges induced by flashing of the tubes, and other 
special characteristics peculiar to this problem. In cooperation with others 
it is believed that a satisfactory design has been arrived at, but special 
funds would be required to realize the project. A more controllable volt¬ 
age-source than the Tesla coil will be of very great advantage—and a neces¬ 
sity in most of them—in any of the many new investigations which now 
can be undertaken using high-voltage tubes. 

It was recognized some time ago, however, that a beginning can be made 
on a very important group of problems if the Tesla coil and high-voltage 
tubes can be developed to constitute a source of high-speed protons (hydro¬ 
gen nuclei), even despite the limitations of short on-time and variable volt¬ 
age inherent with the Tesla coil. Beta- and gamma-rays of radioactive 
equivalent energies having been produced and measured by the end of 
August 1930, attention was turned to the production of high-speed protons 
(hydrogen nuclei), analogous to the alpha-rays, which are high-speed helium 
nuclei, emitted by radioactive substances. 
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Magnetic analysis of the particles projected into a vacuum analyzing- 
chamber from a flashing tube, as used in the gamma-ray tests, showed the 
presence of high-speed positively charged particles, probably a mixture of 
protons and heavier ions from residual gases in the tube and from gas-layers 
adsorbed on the electrode-surfaces. Since magnetic deflection alone gives 
ambiguous results, the high-speed particles emitted by such flashing tubes 
were further analyzed by the familiar method, due to J. J. Thomson, of 
spreading a beam of the high-speed particles into parabolas by magnetic 
and electric deflections at right angles. Difficulties were encountered due 
to the intermittent high voltage and to the presence of fast electrons and 
intense X-rays, but visual observations on a fluorescent screen using this 
method have shown definitely the emission by a flashing tube of consider¬ 
able numbers of protons having speeds of 500 to 900 kilovolts when the 
voltage on the tube is 900 to 1100 kilovolts. Full-speed protons—corre¬ 
sponding to the full voltage—were not observed, but were not definitely 
excluded by the observations. The observed protons were fairly homo¬ 
geneous in speed for any one flash. It is possible that the flash takes place 
so rapidly that the voltage across the tube is reduced much below full 
voltage in the several tenths of a microsecond required for protons to be 
accelerated down the full length of the tube, and, since no free protons are 
present in the tube until ionization starts at the beginning of the flash, the 
protons usually do not attain speeds corresponding to full voltage. 

The Wilson cloud-chamber, showing as it does the tracks of single high¬ 
speed particles, is perhaps the most sensitive method for the detection of 
such particles. A series of tests in which such a chamber was separated by 
a thin mica-window from the grounded end of a flashing tube, and in which 
all values of the expansion-ratio and of the synchronization between expan¬ 
sion and high-voltage impulse were tried, failed to show the presence of any 
full-speed protons from a flashing tube. It thus appears probable that, 
although a flashing tube operated at 1300 kilovolts is a copious source of 
600- to 800-kilovolt protons, a conventional proton-source at the high-volt¬ 
age end of a tube is necessary for the production of full-speed protons. 
Such experiments are now under way. Since the flashing is ultimately de¬ 
structive to the tube, several days of continuous flashing at one spark per 
second being the average tube-life, whereas a dark (non-flashing) tube can 
be operated at full voltage for unlimited periods of time so far as is known, 
this conclusion is not too disappointing, provided the desired intensity of 
high-speed protons can be attained with the intermittent voltage of the 
Tesla coil and the conventional proton-sources. 

Electrostatic shielding has been devised for the end-on operation of the 
Tesla and tube which has completely eliminated failure of the Tesla coil 
due to destructive transients produced by the flashing tube, and which can 
be utilized when desired to entirely prevent flashing of the tube, even with 
the end-on arrangement and with the intermediate electrodes electrically 
floating. An approximately uniform voltage distribution along the tube is 
obtained in this case by a simple proportioning of the electrical capacities 
between parts. Such a combination of end-on Tesla and non-flashing tube 
has an indefinite and almost unlimited life. Using this combination, with 
a conventional proton-source and the new Wilson-Blackett expansion cham- 
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ber with stereoscopic cameras constructed in the Department's shop, a seri¬ 
ous study of nuclear collisions and a search for nuclear disintegration using 
protons of speeds 500 to 1500 kilovolts is about to be begun. 

The ultimate aim of producing the highest attainable potentials and ap¬ 
plying them to the acceleration of charged particles to speeds and energies 
well above those of the natural particles emitted by radioactive substances 
is continually borne in mind. No practicable method for working with 
potentials of 10,000,000 volts or higher is yet known, but a step toward the 
possible solution of some of the difficulties involved is represented by an 
impulse generator using concentric Faraday cages, devised and tested dur¬ 
ing the year. A system of successive concentric Faraday cages, with the 
innermost one at the highest voltage, has been recognized for some time as 
not limited by corona or spark-over toward ground from the point of highest 
voltage, as are ordinary high-potential arrangements. An impulse gen¬ 
erator of ordinary type can not be used to advantage with a system of 
Faraday cages, but the method which was devised utilizes the cages them¬ 
selves as the condensers of the impulse-circuit, and thus constitutes prob¬ 
ably the simplest possible means of charging such cages to successively 
higher voltages. Theoretically there is no limit to the voltage which can be 
attained by this method, but practical considerations as to dimensions are 
a very serious factor for potentials of 10,000,000 volts or more. While 
working with the highest voltages readily attainable in the laboratory, pos¬ 
sibilities of extension to very much higher voltages are continuously being 
sought. 

Penetrating-radiation —Experiments on the penetrating-radiation (“cos¬ 
mic rays”) utilizing the multiple coincidences of Geiger-Miiller tube- 
counters (see pp. 258 and 259 of annual report for 1929-30) have been con¬ 
tinued. The distribution of the hard components with respect to azimuth 
has been more carefully determined, giving approximately a sine-square 
curve. Perhaps the most interesting experiment has been the use of the 
multiple counters as a “penetrating-radiation telescope” directed at the 
Sun during certain hours of the day. No evidence has so far been obtained 
of the one-half per cent solar component of the hard rays recently an¬ 
nounced by Hess. 

An endeavor has also been made to construct a “light-counter,” which 
would be sensitive in the visible region. The “light-counter” is a tube- 
counter provided with a window and a photoelectric surface, as devised by 
Rajewsky, and it has an advantage over the ordinary photoelectric cell for 
measurements of very weak light corresponding to the detection of several 
electrons per minute in comparison with the detection of the weakest cur¬ 
rents of a photoelectric cell. Cadmium-surfaced counters are readily made 
to give an extremely great sensitivity in the ultra violet, and if a suitable 
counter can be made for the visible it may be of considerable importance, 
for example, to astronomical measurements. These experiments are in 
progress. 

The upper atmosphere —With the limited resources of the Institution, it 
has not appeared wise for the Department to continue routine observations 
of the Kennelly-Heaviside layer in regions where other organizations can 
be interested in carrying on this work. Since the United States Bureau of 
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Standards is undertaking at Washington a considerable program of echo 
observations (eventually continuous automatic recording) of the layer, the 
Department's participation in the program is now being directed to the pro¬ 
vision of equipment for such studies in the isolated regions where its obser¬ 
vatories are located (Peru and Western Australia), and to possible echo 
observations of the layer by future expeditions, particularly during the 
Polar Year 1932-33 (see report on observatory work). 

Cooperation and collaboration —An important consideration in connec¬ 
tion with the high-voltage work in general has been the question of insuring 
adequate personal protection of those working with the equipment against 
the damaging effects of the very hard gamma-rays which penetrate the 
shielding surrounding the tubes. Since intensities are in general unpre¬ 
dictable over wide limits, no arbitrary amount of shielding can be adopted 
as sufficient. To give a purely practical answer to this question an investi¬ 
gation was carried out in cooperation with Dr. W. G. Whitman, research 
fellow of the School of Hygiene of the Johns Hopkins University, in which 
a group of laboratory rats was exposed to the gamma-rays from 6 grams 
of radium, highly filtered through 16 mm. of lead. Blood-counts showed 
that a single exposure as large as one-twentieth a lethal dose did not give a 
measurable change in the total white-cell count. Death ensued two or 
three weeks after a sufficient exposure, due to damage of the blood-forming 
centers. A means for measuring exposure, much more sensitive than the 
usual blood-counts of X-ray and radium workers, was evolved along the 
lines customarily used for measuring insufficient X-ray shielding, namely, 
by measuring the exposure-density of a dental X-ray film carried in a thick 
(7-mm) lead cassette. Exposures of 10“° to 10 -2 of a lethal dose for rats 
are readily measured in this way, and a cumulative record of the total ex¬ 
posure of the laboratory investigators to penetrating gamma-rays from the 
tubes is being kept. Precautions will be taken to insure that the summa¬ 
tion of all exposures remains a small fraction of the lethal dose for rats. 

Naturally the high-voltage experiments h&ve aroused considerable inter¬ 
est as to the possible biological applications of high-voltage tubes. How¬ 
ever, the present equipment at the Laboratory, of small power but giving 
very high voltages, was designed with the primary aim of fundamental 
investigations as to the nature of the nucleus and the laws of magnetism. 
This aim is being maintained and the prospective development of funda¬ 
mental principles and laws of physics must ultimately have greater eco¬ 
nomic value in applications. Without interfering with the progress of the 
research, it has been possible to assist in some cooperative researches utiliz¬ 
ing the Department’s equipment and results. Thus at the request of the 
Naval Research Laboratory and the Surgeon General of the United States 
Navy, through the Division of Preventive Medicine, a cooperative experi¬ 
ment on the biological effects of super-high-frequency currents (60 million 
cycles) has been made. The indications are that no danger to those work¬ 
ing with super-frequency apparatus is involved unless the exposures are of 
quite unreasonable intensity. 

Detailed information regarding equipment for high-voltage research and 
possible application of high-voltage X-rays in treating cancer has been 
supplied in several conferences to Dr. Joseph Colt Bloodgood of the Surgical 
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Pathological Laboratory of the Johns Hopkins Medical School. Material 
pertaining to our methods and results has also been supplied for presenta¬ 
tion by Dr. Albert Soiland, Chairman of the American Medical Association, 
to the Third International Congress of Radiology to be held in Paris during 
July 26-31, 1931. 

During June 1931, Tuve was in California where, besides familiarizing 
himself with the high-voltage work being done at the California Institute 
of Technology in Pasadena and at the University of California in Berkeley, 
he took part at a summer meeting (June 15-20) of the American Associa¬ 
tion for the Advancement of Science in a symposium on “The production 
of high-energy electrical particles” and presented a paper on “Vacuum-tube 
experiments using Tesla voltages.” 

During July and August 1930, Hafstad visited European observatories 
engaged in atomic disintegration and allied problems. He had the privilege 
of making contacts at laboratories in Amsterdam, Copenhagen, Upsala, 
Oslo, Trondhjem, Berlin, Vienna, Munich, Paris, London, Teddington and 
Cambridge. There can be no doubt but that the discussions regarding ex¬ 
perimental technique and methods with our colleagues abroad are helpful, 
not only in the progress of our own work but also useful in informing them 
of our developments. In addition to the discussions with investigators par¬ 
ticularly concerned with atomic physics, Hafstad examined the special ex¬ 
periments of Briiche in Berlin to determine paths of electron-beams in the 
neighborhood of highly magnetized spheres, the apparatus of Goubau at 
Munich recording movements of the Kennelly-Heaviside layer, and the 
work of Zenneck at Munich in investigating the upper atmosphere by radio 
methods. 


THEORETICAL 

G. Breit of the faculty of the New York University continued as a re¬ 
search associate of the Institution, and papers by him and associates 
abstracted later in this report were prepared at the New York University. 
He gave several talks before the colloquium on atomic physics in Washing¬ 
ton on the applications of the quantum theory. In addition to the pub¬ 
lished paper on anomalies in hyperfine structures, he has made quantitative 
estimates of expected hyperfine-structure anomalies for thallium. The 
observed anomaly for thallium is found to be too great by a factor of 2. 
For bismuth the factor is roughly 3. It is concluded that the nucleus does 
not act on the electron as a simple magnet. 

EXPERIMENTAL WORK IN TERRESTRIAL ELECTRICITY 

Three members of the regular staff assigned to the Section of Experi¬ 
mental Work in Terrestrial Electricity, namely, Gish (Chief of Section), 
Rooney and Sherman, gave full time to research in atmospheric electricity 
and earth-currents at Washington during the report-year. Roop wa» em¬ 
ployed as temporary assistant computer from March 10 to June 30, 1931. 
Johnston, Wait and Torreson of the Section of Observatory Work also gave 
some attention to phases of the researches in terrestrial electricity. 

Atmospheric electricity —The investigations in atmospheric electricity in¬ 
cluded the following, which are briefly summarized in the last part of this 
report giving abstracts: (a) The treatment and analysis of data from the 
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Deck-Observatory in preparation for publication (Gish and Sherman); (b) 
an atmospheric-electric survey of the vicinity of Washington with a view 
to obtaining a rough picture of local variability, especially for the bearing 
of this upon the abnormally low values of conductivity recorded at the 
Deck-Observatory (Johnston and Wait); (c) analysis of several 24-hour 
series of Aitken nucleation-counts and study of correlation with atmos¬ 
pheric-electric data recorded at this station (Wait); (d) analysis of con¬ 
ductivity and ionic-density data obtained on Cruise VII of the Carnegie 
(Gish, assisted by Roop) and preparation of these for publication; (e) 
scaling and reduction of potential gradient and conductivity registrations 
at Tucson for 1930 (Gish and Roop), which brings the scaling for this sta¬ 
tion up to date, the later scaling being done by Ludy and Hershberger of 
the Tucson Observatory; (/) a critical study of the action of Aitken nuclea- 
tion-counters (Wait), and the determination of corrections for Department 
of Terrestrial Magnetism counters; (gr) the designing, testing, etc., of a 
large-ion counter to be used in a study of the factors and laws which deter¬ 
mine the ionic balance in the atmosphere (Wait and Torreson); (h) studies 
of current reports and data from Department observatories, with a special 
view to appraising the accuracy of the registrations and determining upon 
possible improvements of apparatus, method, or program, were made largely 
by Gish. Other activities of members of the Section are mentioned under 
“Observatory Work.” 

Earth-currents —The tabulations and various groupings desired for pub¬ 
lication and analysis of the earth-current data from Watheroo for the years 
1924-1928 have been completed by Rooney, and studies of these data were 
made by Gish and Rooney. A study of the Huancayo earth-current data 
for the years 1927-1928 was reported in a paper by Gish and Rooney. 

Various studies have been made, largely by Rooney, of recent earth-cur¬ 
rent data from the Department observatories with a view to maintaining 
accuracy and effecting improvements from time to time. 

Designs of equipment and of general method for earth-current registra¬ 
tion in polar regions during the International Polar Year were made by 
Gish, who also designed earth-current equipment and prepared instructions 
for the installation and operation of this at Tucson. The installation and 
*iadjustment of this equipment were made by Rooney, assisted by Ludy and 
Hershberger of the Tucson Magnetic Observatory, during March to May 
193 iv. He also carried out earth-current registrations on short experimental 
lines ' 1 near the Observatory. Analysis of the registrations indicates that 
those o.n both the long and short lines are satisfactory. 

A stuc^v of earth-current observations in mountain regions which gener¬ 
ally indicate a current flowing from the base to the top of a mountain was 
made by 0?ish and a probable explanation suggested. 

Earth-resistivity —While at Tucson for the installation of the earth-cur- 
rent measuring system there, Rooney carried out a resistivity-survey in the 
vicinity of th^ Tucson Magnetic Observatory. Gish and Rooney have fre¬ 
quently been consulted by other investigators who are using the method of 
the Department' of Terrestrial Magnetism. It has been learned during the 
year that increased use is being made of this method for locating mineral- 
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ized areas, and expressions of the opinion that this is the most generally 
useful geoelectric method have come from several conservative sources. 

Seminar —A seminar, in which various aspects of terrestrial electricity 
and allied subjects were discussed, met each week from October to June. 

Cooperation and collaboration —At the request of Professor Rossby of the 
Massachusetts Institute of Technology, facilities for study and consultation 
were given C. L. Pekeris, graduate student in meteorology of the Massa¬ 
chusetts Institute of Technology, the latter part of July and during August 
1930. In consultation with Professor W. L. Cheney, a research problem 
related to atmospheric electricity was assigned to A. G. McNish, graduate 
student at George Washington University, and facilities were provided for 
him for carrying out the measurements which served as the basis of a thesis 
for the Master’s Degree. 

Designs and parts of apparatus for measuring the ionization of the 
atmosphere were supplied the International Health Division of the Rocke¬ 
feller Foundation. Calibrations were made, constants determined, and 
written instructions prepared for the operation of this apparatus in connec¬ 
tion with investigations of the common cold, to be made in Spitzbergen by 
an investigator of that organization. 

By correspondence or by personal visit, many investigators from far and 
wide consulted regarding aspects of terrestrial electricity possibly bearing 
on their problems, which related to geology, practical geophysics, atmos¬ 
pheric pollution, human physiology and public health. The extent of these 
contacts is shown by the following partial list of those who were supplied 
with suggestions and data on subjects indicated: Dr. E. C. Halliday, Uni¬ 
versity of Witwatersrand and Professor Joseph G. Brown, Stanford Uni¬ 
versity, unpublished data of potential gradient at Washington and at 
Watheroo Magnetic Observatory; G. C. Southworth, American Telephone 
and Telegraph Company, conference and suggestions for improving earth- 
current measurements on telephone lines; Professor E. H. Warner, Uni¬ 
versity of Arizona, regarding program of thunderstorm observations at 
Oracle, Arizona; E. V. Donelson, American Telephone and Telegraph Com¬ 
pany, examination of manuscript, and comments and advice regarding 
earth-current measurements on telephone lines; R. M. McGregor, engineer 
in Soudan, regarding use of geoelectric methods, especially for locating 
water; United States Bureau of Mines, rebuilding and testing earth-re¬ 
sistivity meter; United States Geological Survey, plans for earth-resistivity 
apparatus and instruction in operation and interpretation; United States 
Public Health Service, regarding measurements by and use of Aitken nucle- 
ation-counters; H. B. Mellar, Mellon Institute, regarding smoke investiga¬ 
tions and atmospheric-electric correlations; United States Hydrographic 
Office, regarding measurements of visibility at sea; Dr. C. P. Yaglou, Har¬ 
vard School of Public Health, regarding studies of effect of atmospheric 
ionization upon human health; R. H. Hawkins, Ontario Research Founda¬ 
tion, Toronto, regarding geoelectric methods; Dr. H. Brakken, representa¬ 
tive of the Norwegian Government, conferences and facilities for inves¬ 
tigations regarding geophysical methods; United States Naval Research 
Laboratory, regarding geophysical studies and plans for observational 
work; Michigan College of Mining and Technology, regarding earth- 



298 


CARNEGIE INSTITUTION OF WASHINGTON 


resistivity work, interpretation of experimental work done by the College; 
Manila Observatory, comments and advice regarding atmospheric-electric 
work done by the Rev. Dr. C. E. Deppermann, S. J.; R. W. Lohman, con¬ 
sulting electrical engineer, Pasadena, California, regarding earth-resistivity 
methods—he also visited Rooney at Tucson to observe methods and appara¬ 
tus; J. J. Jakosky, well-known practical geophysicist, regarding earth- 
resistivity—he also visited Rooney at Tucson to observe earth-resistivity 
methods and apparatus; Professor F. P. Shepherd, University of Illinois, 
regarding earth-resistivity for exploring continental shelves and allied 
structures. 

Publications —Publications of the Section during the report-year in¬ 
cluded: A popular article The Natural Electric Currents in the Earth’s 
Crust by Gish; Results of Earth-current Observations at Huancayo Mag¬ 
netic Observatory, 1927-1929 by Gish and Rooney; a paper by Gish pre¬ 
sented at the twelfth annual meeting of the American Geophysical Union 
Significance of Geoelectric Data from the Polar Regions; Atmospheric-elec¬ 
tric Survey in the Vicinity of Washington, D. C. by Johnston and Wait; 
Diurnal Variation of Concentration of Condensation-Nuclei and of certain 
Atmospheric-electric Elements at Washington, D. C. by Wait (an analysis 
of special observations which have been accumulated during the past few 
years); Suggestions for Earth-current Observations during the International 
Jubilee Polar Year by Gish and circularized by the International Commis¬ 
sion for the Polar Year 1932-33. Abstracts of these papers and short sum¬ 
maries of other work which is under preparation for publication will be 
found near the end of this report. 

FIELD-WORK AND REDUCTIONS 

The field-work and reductions during the report-year may be grouped 
under (1) land magnetic survey, (2) observatory work, and (3) ocean 
work. All have involved an unusual amount of cooperative endeavor with 
many collaborators as may be seen from the following summaries for each 
of the sections respectively responsible. 

LAND MAGNETIC SURVEY 

Four members of the regular staff, namely, Fisk (Chief of Section), 
Green, Wallis and Davies gave full time to work relating to the land mag¬ 
netic survey. The main effort has dealt with observations for obtaining 
more precise knowledge of the characteristics of secular variation, particu¬ 
larly the rapid accelerations found to exist in some regions. The impor¬ 
tance of this subject in terrestrial-magnetism research has been remarked 
upon by the eminent magnetician Dr. Adolf Schmidt of Germany as follows 
referring to the article On the Distribution of Permanent Repeat-Stations 
by Fleming and Fisk: 

‘‘The content of your article interests me greatly and I am fully in accord 
with your opinion. In view of the great lack of uniformity of the secular 
variation over the Earth’s surface, the only proper procedure is to investi¬ 
gate with a varying degree of thoroughness the different regions in accord¬ 
ance with the irregularity prevailing in them. A uniform distribution of 
the measurements according to time and space would be as unsuitable as to 
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arrange stations for altitude determinations equally dense in the plain and 
in the mountains. 

“This view is in no way in contradiction to the appeal I put forth jsome 
time ago and to which you indeed make reference, namely, that, for the 
complete study of the distribution of force over the whole Earth, particu¬ 
larly for the diurnal variation, a net of observatories, as uniformly dense 
as possible, should be striven for. Here it is a question of the rather exact 
investigation of the phenomenon as a whole, whereas although we had this 
also in mind, we had, first of all, to solve the practical problem of its deter¬ 
mination in detail. Our knowledge of the secular variation is still ex¬ 
tremely imperfect. From this standpoint the chief problem is the thorough 
detailed study of the especially irregular regions, and it is right to concen¬ 
trate all energy upon that. 

“We must be thankful to the Department of Terrestrial Magnetism for 
turning its full attention to this great problem and for devoting to it its 
energies.” 

Following the completion in December of Grindley’s field-work in South 
Africa, preliminary arrangements were made for the establishment of a 
permanent station at the University of Cape Town where the need for such 
is especially great; it is planned to construct a small non-magnetic house 
for absolute magnetic observations, to be made about once monthly, using 
the University’s magnetometer for intensity and declination and a C. I. W. 
earth-inductor (to be loaned) for inclination. In September an expedition 
under the auspices of the British East African Meteorological Service was 
undertaken to parts of Tanganyika on which magnetic observations were 
to be obtained. Arrangements were made whereby the members of the staff 
at Huancayo should take part in turn in visiting portions of South and 
Central America where the need of secular-variation observations at com¬ 
paratively short intervals is unusually urgent; Gebhardt made a short trip 
in accordance with this plan to Costa Rica and Nicaragua. Soule was 
assigned as a member of the Wilkins-Ellsworth Trans-Arctic Submarine 
Expedition with equipment for making magnetic observations at stations 
on the ice. Following a conference held in Washington October 23 with 
F. C. Brown, who was then returning to his work in China, arrangements 
were completed for observations at accessible points in China in cooperation 
with the National Research Institute of Physics at Shanghai and with Dr. 
C. T. Kwei of the Central China College of Wuchang (Hupeh), China, who 
plans to undertake a program of observations with the assistance of F. C. 
Brown, formerly an observer in the Department. 

A plan for cooperation with the Meteorological Service of Argentina, 
under which a reoccupation of all the magnetic stations previously estab¬ 
lished was to be made, had to be postponed owing to economic conditions in 
that country. Arrangements, however, were being completed for an expe¬ 
dition by Green which shall have for its purpose, besides securing valuable 
secular-variation data, the making of contacts with individuals and organ¬ 
izations in several South American countries interested in developing more 
extensive magnetic surveys. It is hoped by this action that a larger num¬ 
ber of permanent repeat-stations may be established and frequent observa¬ 
tions may be made in a part of the Earths’ surface where secular changes 
are of unique interest. 
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The Department has taken considerable part in promoting American 
collaboration in the plans for the International Polar Year 1932-33 which 
had the unanimous sanction of the International Meteorological Organiza¬ 
tion at its Copenhagen meeting in 1929. Fleming and Harradon attended 
the first meeting of the Commission for the International Polar Year 
1932-33 held in Leningrad in the latter part of August 1930, the former as 
a member of the Commission and the latter as a guest. This project, ex¬ 
pected to yield data of inestimable value in all the geophysical sciences, 
calls for the cooperation of the United States in occupying a magnetic and 
electric station in Alaska at or near Fairbanks and in reoccupying the sta¬ 
tion of 1882-83 at Fort Conger in Ellesmere Island. Fleming, with the help 
of Kennedy, presented the matter to the United States Department of State 
and as a result a bill authorizing participation, transmitted with a special 
message of President Hoover recommending favorable consideration, was 
introduced in Congress in February for the proposed station near Fair¬ 
banks, Alaska, to be operated by the United States Coast and Geodetic 
Survey. Unfortunately, although this bill was passed unanimously by the 
Senate, there was a single objection to its passage in the House which, in 
view of the rule holding at the close of the session for unanimous consent, 
prohibited its passage there. The bill will be introduced again at the next 
session of Congress with hope for favorable action in time to make neces¬ 
sary arrangements for the station. 

The Department has taken an active part in the plans and developments 
of the program and has offered suggestions regarding terrestrial-electric 
observations, condensation-nuclei counts and details of a photographic 
method to reduce ordinate- and abscissa-scales of records to uniform scales. 
Possible cooperation of the American Telephone and Telegraph Company 
to establish earth-current stations during the Polar Year has been discussed 
with that Company. Assistance has been given by Fleming in an effort 
being made to provide for an American Polar Expedition to reoccupy Fort 
Conger for a period of two years beginning in August 1932. Despite world¬ 
wide unfavorable economic conditions, information received from various 
governments indicates a remarkable amount of interest in and enthusiasm 
for the effort. 

On October 18, 1930, during a flight of the Graf Zeppelin for the Inter¬ 
national Society for the Exploration of the Arctic Regions by Means of 
Aircraft (Aeroarctic), Haussmann and Nippoldt made tests of the double¬ 
compass which had been provided through the Carnegie Institution of 
Washington. The resulting data and discussion indicated that this instru¬ 
ment gave satisfactory results. 

FIELD-OPERATIONS AND COOPERATIVE SURVEYS 

The following paragraphs summarize the work accomplished by the ob¬ 
servers of the Department in the field and that of cooperating organizations 
so far as their reports are at hand. 

Africa —Leaving Cape Town at the end of May 1930, E. N. Grindley of 
the University of Cape Town, with which a cooperative arrangement has 
been in effect for the past three years, made an extended trip through 
Transvaal, Mozambique, Rhodesia and Cape Province during June and 
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July, an additional month’s leave from University duties having; been 

S 'anted him for the purpose. During this time he reoccupied stations of 
eattie’s surveys of 1903, 1909 and 1911 in Transvaal and Southern 
Rhodesia, and a few stations in Mozambique occupied by Chaves, Brown, 
de Fonseca and Vaz in 1906, 1920 and 1924, respectively. In the reoccu¬ 
pation of Matjesfontein, Hutchinson and Orange River, previously occu¬ 
pied by himself two and one-half years earlier, his results showed the sur¬ 
prising fact that, although there had been a change in declination at each 
of those stations approximating an average of 12' annually toward the east 
for the preceding 20 years, the total change for the interval of two and one- 
half years was approximately 6' or a little more than 2' a year. This sur¬ 
prising change in annual rate requires further investigation. The abnormal 
rate of decrease of the horizontal component at the extreme south amount¬ 
ing to more than 120y annually is shown by these observations still to per¬ 
sist, the total change at the three stations for about 30 months averaging 
approximately 310y. Class I observations (which include 12-hour runs in 
the three elements for diurnal variation) were made at Potgietersrust, Hart¬ 
ley and Victoria Falls. Other observations for diurnal variation in one or 
more elements were made at Bulawayo, Mafeking, Umtali, Warrenton, 
Orange River and Hutchinson. At Salisbury, Grindley found great inter¬ 
est in the work, especially in the Lands Department where isomagnetic 
maps were badly needed. This appears to be a region of unusually large 
local magnetic disturbances. During the month of July, Grindley was ac¬ 
companied by T. Viljoen from the University of Cape Town, who had 
joined him at Hartley to receive the benefit of instruction in the field and 
to assist particularly in the diurnal-variation observations. In Portuguese 
East Africa (Mozambique), Grindley’s work was most cordially received 
by all officials, who found the visit very opportune as values of declination 
were needed for use on a harbor-chart then in preparation. The unexpect¬ 
edly large decrease in the secular rate here, as in South Africa, had led to 
a large error in the preliminary value derived by extrapolation from previ¬ 
ous charts. 

The arrangement for cooperative observations with Director A. Walter 
of the British East African Meteorological Service (headquarters at Nai¬ 
robi, Kenya) was completed, and C. I. W. magnetometer-inductor 28 was 
sent to him in June 1930. It was received in time to be taken on “safari” 
extending throughout Tanganyika where many points would be visited at 
which observers of the Department had made determinations. It is in¬ 
tended to establish a number of meteorological stations in the Territory, at 
each of which permanent pillars will be erected for occasional magnetic 
reoccupations. A preliminary report states that four complete and three 
incomplete reoccupations have been made and that the work will be con¬ 
tinued in 1932. 

Asia —The execution of plans for cooperation in China with Dr. C. T. 
Kwei of Central China College was delayed until the end of the year, when 
C. I. W. magnetometer 13 with inductor-attachment was sent through the 
Chinese National Research Institute in Physics at Shanghai, whose cordial 
endorsement of the proposed cooperation has been indicated. Dr. Kwei 
will have the benefit of the experience of F. C. Brown, formerly with the 
Department as magnetic observer, until he has become familiar with the 
methods of observing with the instruments of the C. I. W. pattern, and the 
requirements of field-procedure with particular reference to the determina¬ 
tion of secular variation. 
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North America —The necessary standardization observations and inter¬ 
comparisons of instruments have been made at the Standardizing Magnetic 
Observatory at Washington. Among the instruments so compared were 
those of the Dominion Observatory of Ottawa, Canada, magnetometers 
Cooke 15, C. I. W. 20, and C. I. W. type magnetometer-inductor 104 manu¬ 
factured by the Precise Instrument Company, and dip circle Dover 212, 
which were brought to Washington for comparison during March 16 to 
April 5 with the Department’s provisional International Magnetic Stand¬ 
ards by Observers French and Madill of Ottawa and Green of the Depart¬ 
ment. The results, together with their redeterminations of moments of 
inertia of long magnets 20 and 104, serve not only to control the constants 
of these various instruments but also indirectly the standards of the Agin- 
court Observatory with which they have been compared at frequent inter¬ 
vals. C. I. W. type magnetometer-inductor Precise Instrument Company 
No. 109 for the Brazilian Government was also completely standardized and 
its constants determined at the Department. Among the Department’s in¬ 
struments which have been compared with the standards during the year 
are dip circles 241 and 242 compared on their return by the Byrd Expedi¬ 
tion and recompared for use on the Wilkins-Ellsworth Trans-Arctic Sub¬ 
marine Expedition, C. I. W. magnetometer 8 also returned from use on the 
Byrd Expedition, C. I. W. theodolite-magnetometer 13 with inductor at¬ 
tachment returned from Cape Town and restandardized for use in China, 
C. I. W. magnetometer-inductor 26 for use in South America by Green, and 
C. I. W. theodolite-magnetometer 16 with earth-inductor attachment, re¬ 
turned from work in Central America by Gebhardt, for assignment in 
August 1931 to Hanson for additional work in the West Indies and South 
America. In connection with the preparations and instruction of Soule for 
his assignment to the Nautilus, the corrections on I. M. S. of Ritchie liquid- 
compass 78519 and of the compass-needle of the Berger theodolite were 
determined, Wallis, Green and Peters taking part in this work with Soule. 

The facilities of the Standardizing Magnetic Observatory and assistance 
from members of the staff were given Dr. H. Brakken of the Norwegian 
Physical Institute, Trondhjem, Norway, for standardization of instruments 
designed for geophysical prospecting. Lieutenant T. T. Tsai and Lieu¬ 
tenant C. Y. Ho of the Hydrographic Service of China were given instruc¬ 
tion in the use of magnetic-survey instruments and in the methods employed 
in determining constants and in making magnetic surveys and constructing 
magnetic charts of regions surveyed. 

Gebhardt was detached from the Observatory at Huancayo in April and 
assigned to work in Central America. After making comparison-observa¬ 
tions at the Huancayo Magnetic Observatory, he left for Lima on April 4. 
Because of the approach of the rainy season, he omitted observations con¬ 
templated for the northwestern part of South America in Peru, Ecuador and 
Colombia, and proceeded at once to Puerto Limon, Costa Rica, where obser¬ 
vations were made on April 18. After full observations at San Jos6, where 
a good connection was made with the previous work of Love in 1923 and of 
Lindsay in 1926, he traveled by airplane to Managua, but owing to diffi¬ 
culties and formalities arising from the military control made necessary by 
the confusion following the earthquake disaster, he omitted the reoccupation 
of the stations there and returned to Granada where the repeat-station was 
again occupied. After occupying the station at Corinto he proceeded to 
Balboa for the reoccupation of the stations in the Canal Zone, but unfortu¬ 
nately because of illness was unable to proceed with the program and after 
some delay returned to Washington, arriving June 29. 
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In anticipation of the execution of the proposed plan for assigning short 
field-trips to members of the staff at Huancayo to regions of South America 
where repeat-observations at relatively short intervals are greatly needed, 
the occasion offered by the stay of Ledig (Observer-in-Charge at Huan¬ 
cayo) in Washington while on leave was utilized to give him practical ex¬ 
perience in the special problems arising in the field in reoccupations for 
secular-variation determinations. These special problems arise from the 
necessity of recovering exactly the former station from such descriptions as 
are of record. In cases where that is impossible it is necessary to secure 
data which will furnish information as to the existence and the magnitude 
of local disturbance or the probable difference in the elements between the 
position of the former station and the one chosen to replace it. On account 
of the unusual character of the diurnal variation at Huancayo which does 
not agree with present theoretical hypotheses, especially in horizontal in¬ 
tensity, it is desirable to make field-determinations at as many points as 
possible within a few hundred miles for direct comparison with the simul¬ 
taneous curves from the observatory-registrations. In company with 
Green, Ledig visited old stations of the United States Coast and Geodetic 
Survey near Washington in September, reoccupying the old station at La 
Plata (Maryland) and making diurnal-variation observations at Chelten¬ 
ham during the daylight hours on the grounds of the Observatory for com¬ 
parison with the registrations. 

In preparing for his participation in the work of the Wilkins-Ellsworth 
Trans-Arctic Submarine Expedition, Soule, after making the necessary 
standardization comparison-observations, occupied a station at Cove Point 
(Maryland), April 12 and 19, using the instruments designed for use in the 
arctic. 

Europe —Soule left Washington on April 28 for Bergen, Norway, where 
preparations for the work to be done on the transarctic cruise of the 
Nautilus were completed. During the stay, comparison observations be¬ 
tween dip circle 242 and the Tesdorpf magnetometer of Professor Krogness 
were made at Hop near Bergen in May and June, as well as a second com¬ 
parison between the same instruments at Dombaas early in July 1931. The 
dip circle was equipped for the determination of total force by the Lloyd 
method, and the comparisons were to test the constants derived from obser¬ 
vations in Washington and used in regions having different magnetic char¬ 
acteristics. The Nautilus, because of damage during her trip across the 
Atlantic, did not reach Bergen in May as was planned. At the end of the 
report-year she was undergoing necessary repairs at Queenstown pre¬ 
paratory to more extensive engine-repairs later at Plymouth, England. 
Sverdrup, research associate of the Christian Michelsen Institute and of the 
Carnegie Institution of Washington, is leader of the scientific personnel. 

Australia —The routine observations in connection with the operation of 
the Watheroo Magnetic Observatory were maintained. No opportunity 
was found for members of the staff to make secular-variation observations 
at other stations. 

South America —The observations necessary to control the base-lines*and 
scale-values of the magnetograms at the Huancayo Magnetic Observatory 
were maintained throughout the year. Before leaving Huancayo for his 
field trip to northwestern South America and Central America, Gebhardt 
made observations for the diurnal variation of horizontal intensity and in¬ 
clination with the field instruments on the grounds of the Observatory to 
test the accuracy of the method by a comparison with the magnetograms. 
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REDUCTIONS AND DISCU8SXONS 

The revisions and compilations of the observational data received have 
been made by Fisk and Duvall. Johnston and Fisk completed the first 
discussion of the secular-variation data resulting from the observations 
made by the Galilee and by the Carnegie. Other compilations undertaken 
are covered previously in this report in the section devoted to investiga¬ 
tional and experimental work. 

OBSERVATORY WORK 

The observatory work has been under the direction of Johnston, who was 
made Chief of the Section of Observatory Work on January 1, 1931, and 
who has had the assistance of Edmonds (retired December 31, 1930), 
McNish, Miss Balsam and Miss Miller, and of Seaton, Torreson and Wait 
for a part of the report-year. Those having direct charge and in residence 
at the observatories are indicated in the reports on the activities of each 
observatory. 

Two important extensions of the observatory program were initiated in 
cooperation with the Mount Wilson Observatory and the Advisory Com¬ 
mittee in Seismology of the Institution. Through Dr. Hale and Dr. Adams 
arrangements were made for the loan of two spectrohelioscopes, one for use 
at the Watheroo Observatory and the other at the Huancayo Observatory; 
piers and small houses for these were planned and were in construction at 
the end of the report-year. 

Acting upon the resolution of the American Geophysical Union at its 1930 
meeting and upon the unanimous recommendation of Director Patton of 
the United States Coast and Geodetic Survey, Dr. Day of the Institution’s 
Committee in Seismology, and the Acting Director of the Department, the 
Institution made a grant to install seismological equipment at the Huan¬ 
cayo Observatory to be operated by the Department as an agent for and in 
cooperation with the Institution’s Advisory Committee in Seismology. The 
plans for the building to house this installation and the specifications for 
the equipment were completed in consultations between Day of the Advisory 
Committee, Heck and McComb of the Coast and Geodetic Survey, and 
Fleming and Johnston of the Department. Drawings for the seismograph 
building were prepared by Seaton and its construction was begun in June 
1931. The equipment already ordered will consist of two Wenner hori¬ 
zontal-component seismometers with a double recorder and of a Benioff 
vertical-component seismometer with a recorder. The records obtained 
will go first to the Coast and Geodetic Survey for use in connection with 
the records at its observatories and then to the Institution’s Advisory Com¬ 
mittee for more detailed discussion. 

Consideration has been given to A. Crichton Mitchell’s method used at 
Eskdalemuir for measuring variations in the vertical component of the 
Earth’s magnetic field by means of a large horizontal coil. After a detailed 
study of the possibility of this method at our observatories and in polar 
regions by Johnston, an order was placed for three suitable galvanometers 
and recording systems for use at Watheroo, at Tucson, and at an ahstic sta¬ 
tion (probably College, Alaska) to be manufactured in England under the 
supervision of Dr. Mitchell. These instruments were nearly completed at 
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the end of the report-year and, it is hoped, may be installed in time to be in 
operation during the International Polar Year of 1932-33. 

REDUCTIONS AND DI8CUS8ION8 

Johnston, Edmonds, McNish, Mies Balsam and Miss Miller have been 
working intensively on the reductions of the Watheroo and Huancayo mag¬ 
netic data, with assistance during part of the year from Green. The final 
examination and unifying of the manuscript and tabulations for the first 
publication of the Watheroo magnetic results to cover the 12 years 1919 to 
1930 are in progress. Good progress has also been made in the compila¬ 
tions of the Huancayo magnetic data, and the final tabulations for repro¬ 
duction of the declination results at that Observatory to the end of the year 

1929 have already been completed. 

Wait and Torreson have in preparation for publication the atmospheric- 
electric results at Watheroo and Huancayo, while Gish and Rooney have 
made good progress on the preparation of the manuscript bearing on the 
earth-current data at Watheroo and Huancayo through 1928. The atmos¬ 
pheric-electric records and data obtained in the Deck-Observatory at Wash¬ 
ington and at the Tucson Observatory are being prepared for publication 
by Gish, Sherman and Roop, their compilations being practically current. 

Davies has completed the preparation of the manuscript and a discussion 
bearing on the observations of aurora australis in 1929 at the station in 
Little America and, with some help from Wallis, has begun the reduction of 
the magnetic data obtained at Little America during the stay there of the 
Byrd Antarctic Expedition. 

Various memoranda bearing on operation and routine work at the ob¬ 
servatories and upon questions arising in connection with the reduction and 
adjustment of the results have been prepared as necessary by Johnston and 
McNish. Abstracts of such matters are given in that section of this report 
dealing with abstracts of publications and investigations. 

OBSERVATORY OPERATIONS 

The successful operation of the Department’s magnetic and electric ob¬ 
servatories and of its cooperation with other observatories is briefly sum¬ 
marized below. 

Watheroo Magnetic Observatory, Western Australia —The Watheroo 
Magnetic Observatory is situated in latitude 30° 19fl south and longitude 
115° 52J6 east of Greenwich, 244 meters (800 feet) above sea-level. 1 

The magnetograph was operated continuously throughout the year, with 
practically no loss of trace. The necessary control-observations were 
carried out regularly. During August 1930 electric light was installed in 
the magnetograph-room for illumination during the control-observations in 
place of the kerosene lamp hitherto used. This, besides reducing the danger 
of fire, has tended to eliminate short-period changes in temperature. The 
preliminary mean values of the magnetic elements for all days of the year 

1930 as deduced from the magnetograms, referring the elements to the 
north-seeking end of the needle and reckoning east declination and north 
inclination as positive, are: Declination —4° 08C0; horizontal intensity 

1 The value of longitude llff* 12f6 east given on page 280 of the report for 1020-30 is a 
typographical error; it should be 115* 82J6 east. 
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0.24634 C.G.8. unit; vertical intensity —0.51174 C.G.S. unit; and inclina¬ 
tion —64° Yl'.l. The preliminary values of the annual changes in the mag¬ 
netic elements for the period 1929.5 to 1930.5 are -f-4'1 in declination, —12y 
in horizontal intensity, — 58y in vertical intensity, and —2'2 in inclination. 

Earth-potentials over the system described in previous reports have been 
continuously recorded with but minor interruptions. Mean values have 
been obtained in all four lines for each month of the year and the diurnal 
variations, corrected for non-cyclic change, have been computed. 

Continuous records of air-potentials have been obtained throughout the 
year. A number of days during the spring (September to December) were 
rendered incomplete due to insulation leak caused by spider-webs, but a 
sufficient number of complete days were obtained for the purpose of taking 
monthly means. No monthly means were obtained for January, February 
or March owing to the spurious observations due to bush-fires. Standardi¬ 
zation observations were obtained at approximately monthly intervals as 
before. The mean of the series for 1930 gives a reduction-factor of 1.11 as 
compared with the mean value of 1.12 of the previous year. The prelimi¬ 
nary mean value of the potential gradient for the year 1930 is 67 volts per 
meter. During the winter-months (June to September) a field-recorder 
was operated at various stations in the vicinity of the standard station in 
order to determine the cause of the low values of potential gradient which 
had been recorded during the winters of the previous years. Records from 
four field-stations were obtained. The first (June 18 to July 23,1930) was 
2 meters north, the second (July 23 to August 14, 1930) was 600 meters 
east-northeast, the third (August 14 to September 6,1930) was 4 kilometers 
east, and the fourth (September 26 to November 24, 1930) was 500 meters 
east-northeast of the atmospheric-electric observatory, respectively. The 
last station was a tower-station at which the collector was approximately 
9 meters above ground-level. A discussion of the results by Parkinson 
indicated the desirability of further observations during the winter of 1931 
and gave desirable information as to the methods best suited to the purpose. 
This work will, therefore, be continued and extended this year. Following 
Parkinson’s report and recommendation, authority was given and an under¬ 
ground concrete recording-chamber was constructed where continuous rec¬ 
ords could be obtained using the collector unshielded by buildings; at this 
station special comparison-runs, for reduction-factor determination, will be 
made, using the stretched-wire method. A second tower-station was also 
built 91 meters due south of the atmospheric-electric observatory and re¬ 
cording of potential gradient with collector about 9 meters above ground- 
level was begun June 3. Copies of preliminary tabulations of potential 
gradient were supplied, as before, to the Australian Commonwealth Solar 
Observatory at Mount Stromlo. 

Positive and negative air conductivities have been recorded as during 
previous years. Some necessary alterations to the air-flow tube and elec¬ 
trometer-house of the negative side of the recorder were made during March 
1931, resulting in improvements in the arrangement of the optical system 
and a more symmetrical disposition of the inner cylinder with respect to 
the screens in the air-flow tube. The whole apparatus and its accessories 
have been maintained in good order and the usual weekly calibrations and 
tests made, The bulk of the records obtained during January, February 
and March 1931 were vitiated by the smoke from bush-fires. The pre¬ 
liminary mean value of the positive air-conductivity for the year 1930 is 
1.85 X10' 4 E.S.U. and for the negative air-conductivity 1.67 X10 -4 E.S.U. 
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•The directional recorder of atmospherics, on loan from the Australian 
Radio Research Board of the Council for Scientific and Industrial Research, 
has been undergoing constructional modification during the whole of the 
present report-year, having been sent to Melbourne in May 1930 for this 
purpose. The repairs and modifications deemed desirable by the Board 
were more extensive than anticipated and were not completed until August 
1931. The work with this instrument can not be resumed, therefore, until 
late in 1931. 

The construction work of the radio installation was continued, being com¬ 
pleted in January 1931. However, improvements to the installation, as 
suggested by operating experience, are being made by Curedale as time and 
funds permit. Almost daily test-schedules with amateurs in various coun¬ 
tries have been maintained. Efforts to communicate directly with station 
W3BWL at the Office in Washington have, so far, been unsuccessful, 
although two-way communication has been established with many other 
United States stations. Reports of magnetic character and other urgent 
official messages have been sent to Washington by means of relays, this sys¬ 
tem having proved, on the whole, to be satisfactory. Thanks are due to 
amateurs both in Australia and in the United States for their cooperation in 
this matter. The stations VK5HG at Glenelg, South Australia, VK5GR at 
St. Mary's, South Australia, W2CC at Mount Vernon, New York, W3QP at 
Chestnut Hill, Philadelphia, Pennsylvania, and W9CQ at Fort Madison, 
Iowa, were, among others, particularly helpful in maintaining radio com¬ 
munication reporting magnetic conditions. 

The usual meteorological observations were made daily and the self- 
recording meteorological instruments were kept in continuous operation. 
Meteorological data have been supplied monthly, as heretofore, to the 
Commonwealth Weather Bureau and, by request, to the State Department 
of Agriculture, Perth, Western Australia, and to the Agri-meteorological 
Laboratory at Sudkum, Russia. 

Constructional work during the year includes the following. A new con¬ 
crete azimuth-marker for declination observations from station N m replaced 
the old wooden marker; azimuths from N m were redetermined and con¬ 
trolled by angles at the auxiliary marks. An addition of two rooms was 
made to the workshop, one to house the reconditioned engine from the 
Citroen truck which is used in the power-supply for the radio transmitter, 
the second room being a storeroom. A ten-foot, screened veranda was 
constructed along the east side of the auxiliary quarters, providing sleeping- 
out accommodations for the members of the general staff during the hot 
summer. An emergency bedroom for the use of guests was louvered on the 
south verandah of the observers’ quarters and the attic space at the south 
end of the same building was furnished as a bedroom for similar use during 
the winter. A wood-store has been constructed to the west of the observers’ 
quarters. A garage for the car of the observer-in-charge was built on to the 
west side of the existing storeroom to the west of the observers’ quarters. 
The louver wall of the atmospheric-electric observatory, which had been 
badly attacked by white ants, was taken down and, where necessary, re¬ 
placed by new timbers; the whole was treated with preservative and well 
painted; the wire screening was renewed and placed over the louvers 
attaehed to sectional frames to facilitate future painting and preserving of 
the louvers. One of the rooms on the west side of the auxiliary quarters 
has been fitted up as a photographic dark-room; a water supply from the 
stock tank is here used for the daily development of traces and other photo- 
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graphic work. Three miles of the worst portion of the sand track between 
Watheroo and the Observatory were laid with gravel in the form of a ribbon 
road; other portions of the private road have received attention as found 
necessary. The sand around the absolute observatory, which had become 
badly wind-swept, was releveled and a brush fence constructed around it in 
an attempt to prevent further sand-drift; a hardy grass was also planted to 
bind the surface, but this was quickly destroyed by rabbits. The tennis 
court has been enlarged, resurfaced and wired in. A site for the spectro- 
helioscope building was selected at a point 300 feet east of the variation 
observatory and arrangements made for the building of the piers and house. 

Parkinson acted as Observer-in-Charge throughout the year, Observer 
Wood rendering efficient aid as chief assistant. Builder, Observer, resigned 
effective at the end of August 1930 to take up postgraduate work in Eng¬ 
land, being replaced August 18, 1930, by Crowne as Junior Observer. 
Curedale was appointed as radio-assistant and observer on September 17, 
1930. Caswell continued as electrician and mechanic throughout the year. 

Acknowledgment should be made of the assistance rendered by the Com¬ 
monwealth Government in continuing to admit without duty, so far as pos¬ 
sible, the equipment and supplies necessary for the work. Professor A. D. 
Ross of the University of Western Australia inspected the Observatory and 
took no small part in the successful continuance of the Observatory’s pro¬ 
gram. 

Huancayo Magnetic Observatory, Peru —The Huancayo Magnetic Ob¬ 
servatory is situated in latitude 12° 02f7 south and longitude 75° 20'A west 
of Greenwich at an altitude of 3350 meters (11,000 feet) above sea-level, in 
the central valley of the Andean Cordillera. It is about 14 kilometers 
distant from Huancayo, which is at the terminus of the Central Railway of 
Peru some 340 kilometers by rail from Lima. 

The magnetograph, atmospheric potential-gradient recorder, atmospheric 
conductivity-recorder (both positive and negative), and earth-current re¬ 
corder functioned through the year with only a minimum of accidental 
failure due to errors of manipulation and other less foreseeable conditions. 
Weekly absolute magnetic observations were made for the determination 
of the magnetograph base-lines as also monthly determinations of scale- 
values. Weekly scale-value deflections were made for the atmospheric- 
electric instruments and also biweekly calibrations of the earth-current 
recorder. Monthly reduction-factor determinations were made for poten¬ 
tial-gradient records, except when conditions prohibited. Daily readings of 
temperature, humidity and pressure were made to control the records from 
the meteorological instruments. Continuous anemometer registrations of 
wind direction and wind velocity were maintained. Time-signals were re¬ 
ceived regularly by radio, thus providing correction-data for the Observa¬ 
tory electric master-clock and chronometers. 

The routine computations and tabulations of data are now kept closely 
current by the Observatory staff despite the many duties involved in main¬ 
taining the station and constant improvements being made. The usual 
reports on magnetic character and on magnetic storms are regularly trans¬ 
mitted to Washington with the monthly records and compilations. 

The preliminary values of declination and of horizontal intensity based 
on the magnetograms for all days are as follows, reference being to the 
north-seeking end of the needle, east declination being reckoned positive: 
+7° 46?2 and 0.29639 C.G.S. unit for 1928; +7° 4116 and 0.29631 C.G.S. 
unit for 1929; +7° 36f6 and 0.29613 C.G.S. unit for 1930. The mean values 
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of vertical intensity (positive downwards) derived from all absolute deter¬ 
minations, the magnetograms of vertical intensity not yet having been com¬ 
pletely reduced, are +0.00742, +000810, and +0.00879 C.G.S. unit for 
calendar years 1928, 1929, and 1930, respectively. The values of north 
inclination computed from these values of H and Z are +1° 26', +1° 34', 
and +1° 42' for the respective years 1928,1929, and 1930. 

The number of zero-days in potential gradient, that is, those days on 
which no negative potential was recorded, varies greatly from the wet to the 
dry season. During the dry season of 1930 from May to October there 
were available 64 zero days which gave an average value of the potential 
gradient of 53 volts per meter. For these 64 days the average value of the 
positive conductivity was 4.4 X10* 4 E.S.U. and for the negative conduc¬ 
tivity 4.5 X10 -4 E.S.U. During the wet season of the year there are avail¬ 
able for averaging only seven zero-days. The mean value of potential 
gradient obtained on these days was 44 volts per meter, for the positive 
conductivity 4.4 X10 -4 E.S.U., and for the negative conductivity 4.4 X 10* 4 
E.S.U. 

The preliminary mean values of the potential gradient at the Observatory 
for each of the four calendar years 1927 to 1930 were 49, 51,46 and 51 volts 
per meter, respectively. The number of potential-gradient zero-days for 
the four years were 58, 88, 81 and 71, respectively. The mean values of 
the reduction-factor determined from a total of over 3000 individual ob¬ 
servations were 1.07, 1.10, 1.08 and 1.07, respectively, for the years 1927 
to 1930. 

The preliminary mean values of the positive conductivity were 4.25, 4.74, 
4.95 and 4.45 X 10 -4 E.S.U., respectively, for the years 1927 to 1930, and 
the corresponding mean values of the negative conductivity were 4.43, 5.04, 
5.30, and 4.44. It is of interest to note that, contrary to that usually found, 
the value of the negative conductivity here exceeds that for the positive 
conductivity. While the total conductivity at Huancayo is between two 
and one-half and three times the value at Watheroo, the potential gradient 
there is but 60 per cent greater—in other words, the total air-earth current 
at Huancayo greatly exceeds that at Watheroo. 

The program for shortening the lines of system III was completed on 
August 1, 1930, when electrode IIIN was replaced by IIIC. This has re¬ 
duced the amplitude of the oscillations sufficiently to make them readily 
scalable. The agreement between the records for the eastward component 
as obtained from lines IIIM-IIIE and IW-IE continues to be excellent. 
Since line IIIS-IIIE still extends somewhat into the high-resistivity area 
near the Observatory, there is some difference in magnitude between the 
records for the northward component as obtained from tire two systems, 
but otherwise the records agree very closely. 

Forbush has made an attempt to investigate the possibility of vertical 
earth-currents. In this he has used two electrodes in parallel, one buried 
2 feet and the other 5 feet deep at the top of a dry well about 50 meters deep 
in the Observatory grounds, and another at the bottom buried under sev¬ 
eral feet of earth, with a two-wire line to a photographic recording gal¬ 
vanometer installed in the atmospheric-electric building. Several months' 
records were obtained with a sensitivity of 0.2 microampere per centimeter 
on the record. Because of an apparent secondary variation in the recorded 
voltages, probably due to a diurnal temperature-effect, the diurnal range of 
voltage can not be definitely determined as yet, but there is a daily maxi¬ 
mum and minimum which corresponds very satisfactorily with the maxima 
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and minima of the regular earth-current records. When the trace is com¬ 
pared with the magnetic horizontal-intensity trace, it is found that all sharp 
variations in horizontal intensity, even very small ones, are indicated on 
this trace by similar variations agreeing exactly in time and usually in 
intensity with those on magnetic trace. Forbush has not yet reached any 
definite interpretation of these results. 

Forbush also prepared a note on the effect of errors in the measured oper¬ 
ating potentials upon the calculated values of conductivity. 

Following plans prepared by the office at Washington, new construction 
work was begun in June, which it is hoped to complete during the coming 
year. This included (1) a spectrohelioscope building and installation for the 
operation in cooperation with the Mount Wilson Observatory of a spectro¬ 
helioscope supplied by that Observatory, (2) a double-walled concrete 
building for installation of two Wenner horizontah-component seismometers 
and a double recorder and one Benioff vertical-component seismometer and 
recorder in cooperation with the Institution’s Advisory Committee in Seis¬ 
mology, and (3) a radio laboratory and auxiliary living-quarters. The 
last will be equipped with a 150-watt short-wave sending station, which 
has already been licensed as station OA4U by the Peruvian Government. 
The radio equipment now in construction at the shop in Washington 
includes, besides the transmission apparatus and power-plant, a receiver 
and apparatus for the study of the Kennelly-Heaviside layer with a 150- 
watt transmitter and suitable receiver for recording the echo. 

All buildings and the grounds were properly maintained. The quarters 
were enlarged by glassing-in the side porch. 

With the exception of the three months of July, August and September, 
during which time Forbush was Acting Observer-in-Charge while Ledig was 
absent on vacation to the United States, the latter has been in charge of the 
work of the Observatory. Forbush continued as observer through the year 
and Gebhardt remained at the Observatory as observer until early in April 
when he left to undertake field work for the Department in Central Amer¬ 
ica. M. T. Quintana as aid and Teodore Astete as office assistant have 
materially lightened the routine work for the regular observers. Seaton 
arrived at the Observatory June 2 to look after the radio installation and 
operation and to assist in the program of construction for next year. 

A resurvey of parts of the site of the Observatory was made and revised 
plans were drawn. This resurvey included redetermination of earth-current 
line IIIS-IIIC and also a correction of the previous survey of IIIM-IIIE. 
Utilizing the measurements previously made by Goddard of the earth-cur¬ 
rent lines (see p. 186 of annual report for 1926-27), it was found that line 
IIIS-IIIC is 1,757.6 meters long with reduction-factor 0.5690, and that line 
IIIM-IIIE is 1,969.6 meters long with reduction-factor 0.5077, the latter 
instead of 1,953.3 meters with reduction-factor 0.5126. 

Minor compilations of meteorological data have been supplied to several 
interested agencies in Peru, and a complete compilation of all meteorological 
data for the calendar year 1930 was supplied to the Seccidn Meteorol6gico 
of the Ministerio de Fomento del Perfi; J. Vandergehm, in charge of this 
service, visited the Observatory during the year and expressed appreciation 
of the meteorological work. 

As in other years, visitors at the Observatory have been frequent, many 
of them -from other parts of Peru and also some from foreign countries. 
Among these were several members of the American Embassy and Con¬ 
sulate. Members of the Johnson-Shippee Photographic Expedition of the 
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American Geographical Society visited the Observatory for a few days, 
during which time they made photographic flights over sections of the 
neighboring Cordillera; we are indebted to this Expedition for the beautiful 
air view of the Observatory which is reproduced here. 

The members of the Observatory staff have continued to take part in 
local affairs and the Observatory has enjoyed the good-will of the citizens 
of Huancayo and of the nearer villages. Grateful acknowledgment is also 
made of the continued assistance given the Observatory in the privilege 
accorded by the Peruvian Government of free entry for Observatory appa¬ 
ratus through the good offices of the United States Embassy in Lima. 

Washington, United, States —Air potentials and air conductivity (positive 
and negative alternately by weeks) were registered in the Deck-Observa¬ 
tory of the main laboratory at Washington throughout the report-year. 
Sherman, who has had immediate charge of this work, reports satisfactory 
registration of potential on 94 per cent of the days, and 84 per cent in the 
case of conductivity. Of the potential-registration obtained during the 
calendar year 1930,192 days were free from negative potentials. The mean 
recorded potential for these days is 131 volts. Observations made during 
the report-year by Wait, Sherman and Roop for determining the factor for 
reducing the registered volts to volts per meter consisted of 56 sets of 20- 
minute readings at one-minute intervals. These measurements seemed to 
indicate a halt in the steady increase in the factor which was found during 
the four preceding years. The tentative value of this factor to be applied 
to the mean potential for the year 1930 is 1.25; this gives the tentative value 
of the gradient for 1930 as 164 volts per meter. 

The values of conductivity found at this station are abnormally low, 
lying between 0.1 X 10 -4 and 0.2 X10 -4 E.S.U., whereas the potential 
gradient is not much greater than normal. With a view to finding an ex¬ 
planation for this condition, several procedures suggested by Gish were 
carried out during the year. Instead of continuing to record only negative 
conductivity as heretofore, the sign to be registered was changed each week. 
The means found for the year were: Positive conductivity, 0.17 X 10~ 4 
E.S.U.; negative conductivity, 0.12 X 10 -4 E.S.U. Thus the low value is 
apparently not associated with the sign of conductivity. In order to deter¬ 
mine the local extent of this anomaly, Wait and Johnston made an electric 
survey of the vicinity about Washington. From this survey it appeared 
that values of conductivity at all the field-stations were greater than at the 
recording-station, but in the case of a station very near and at the same 
altitude as the recording-station the difference was not significant. Other 
points of interest brought out by this survey are given in the published re¬ 
port (see also abstract given in last section of this report). These experi¬ 
mental results bear out the surmise arrived at from general considerations, 
as pointed out by Gish in a series of seminar talks in 1930, that for this 
station a reduction-factor should be applied to the data for conductivity 
just as is commonly done in the case of the air-potential data. Accord¬ 
ingly, on June 12,1931, the practice was begun of obtaining both potential- 
gradient and air-conductivity observations at the standardization station 
in Rock Creek Park. Some special calibrations made by Sherman of the 
conductivity-apparatus at times of extreme temperatures, together with the 
regular calibration data, were analyzed by him in order to determine the 
magnitude of the temperature-coefficients of the Bronson cell and of the 
electrometer. The latter appeared to be inappreciable. The former is 1.4 
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per cent per degree Centigrade. The temperature variation in this Ob¬ 
servatory is such that this must be taken into account in certain studies. 

The conductivity and potential-gradient data for this station through 
the year 1930 were completed. Gish and Sherman have made good head¬ 
way on the analyses of these for publication. 

Diurnal-variation observations of Aitken nuclei, ionic-content, and some 
associated elements were made by Wait, Torreson and McNish on March 
18 and 19,1931. During January to May, Wait and Torreson made inves¬ 
tigations on atmospheric pollution, experimenting by circulating air polluted 
in various ways and with different materials in a tube-system. Late in 
June the complete apparatus with large-ion and small-ion counters as de¬ 
veloped in the experimental work was mounted in a small hut on the 
grounds of the Department (for brief description see section “Abstracts of 
publications and investigations”)- Preliminary results indicate, contrary 
to those of other investigators, that the ratio of total nuclei to uncharged 
nuclei falls within narrow limits and that the majority of the charged nuclei 
have higher mobilities than are usually ascribed to large ions. 

COOPERATION WITH OTHER OBSERVATORIES 

Apia Observatory, Western Samoa —Active cooperation with the Apia 
Observatory (latitude 13° 48' south, longitude 171° 46' west) continued 
during the report-year. This cooperation, begun in 1921, has been con¬ 
cerned fundamentally with the maintenance of the atmospheric-electric 
program although all other geophysical activities of the Observatory have 
been included in some degree. In addition to assistance in instrumental 
matters and details of methods and compilations, this aid has taken the 
form of an annual grant which for the year 1930 was greatly increased to 
assist in meeting unusual expenses of that year incurred through repair of 
buildings and change of personnel and to insure the full maintenance of the 
program of the Observatory threatened because of the unfavorable eco¬ 
nomic conditions. 

With the Department’s assistance and favorable recommendation, the 
Rockefeller Foundation has provided a substantial grant for 1931 and 1932 
toward the expenses of the Apia and Christchurch (New Zealand) observa¬ 
tories to insure the continuance of these stations without interruption which 
might otherwise have resulted from the serious economic conditions now 
prevailing in New Zealand. The Christchurch Observatory was transferred 
in June 1931 from the Lands and Survey Department to the Department of 
Scientific and Industrial Research of New Zealand, thus bringing both Apia 
and Christchurch under the same department. 

In April 1930, John Wadsworth of the staff of the British Meteorological 
Office was appointed Director of the Apia Observatory for a three-year 
term, succeeding Andrew Thomson whose resignation took effect on Sep¬ 
tember 1, 1930. En route to Apia, Wadsworth visited Washington during 
July 1930 to become acquainted with the Department’s observational tech¬ 
nique in terrestrial magnetism and atmospheric electricity; he also studied 
the methods followed and equipment used by the United States Coast and 
Geodetic Survey in its Division of Terrestrial Magnetism and Seismology, 
visiting the Cheltenham Observatory of that Survey, and by the United 
States Weather Bureau. Arriving at Apia, August 16, 1930, and after 
spending-two weeks with Thomson in transfer of the work, Wadsworth took 
up his duties as Director on September 1,1930. C. J. Westland, Assistant 
Director, resigned after ten-years' service on account of ill health and left 
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in August for New Zealand. P. W. Glover, formerly of the Christchurch 
Magnetic Observatory, after participating in the solar eclipse expedition of 
October 21,1930, at Niuafou Island (750 km. west of Apia), joined the staff 
November 7,1930. K. C. Sanderson, scientific assistant, was forced after 
two years and nine months of service to return to New Zealand in Septem¬ 
ber 1930 because of ill health; fortunately his recovery permitted his return 
to duty at the Observatory, February 6,1931, when he resumed full respon¬ 
sibility for the atmospheric-electric program. Captain F. K. Allen was 
temporarily engaged on the staff for two months from October 8. Four 
Samoan clerks rendered faithful service throughout the year as computers 
and aids. 

In terrestrial magnetism the variometers and recorder for horizontal in¬ 
tensity and declination were in continuous operation, these being controlled 
by absolute magnetic observations approximately once each fortnight. The 
vertical-intensity variometer gave much trouble, the difficulty being to 
maintain sufficient sensitivity to record the small range at Apia of the verti¬ 
cal component of the Earth’s magnetic force. The magnetic values based on 
all days for the year 1929 are as reported in last year’s annual report, refer¬ 
ence being to the north-seeking end of the needle, east declination and north 
inclination being reckoned positive: Declination 4-10° 33f5; horizontal in¬ 
tensity 0.35209 C.G.S. unit; and vertical intensity —0.20418 C.G.S. unit. 
The final reductions for the year 1930 have not yet been compiled. 

The atmospheric-electric program consisted in continued recording of the 
atmospheric electrical potential at two stations, one in the Observatory 
grounds—the Land Station—and the other in a small hut about one 
kilometer distant erected over the shallow water inside the coral reef—the 
Lagoon Station. Benndorf recording electrometers with D.T.M. ionium 
collectors are used. The preliminary mean monthly values of potential 
gradient (volts per meter) for days without negative potential based on 
reduction-factors 1.00 and 0.63 for the Land and Lagoon stations, respec¬ 
tively, are given below. The factor 0.63 was adopted for low-tide condi¬ 
tions but, since recent observations indicate an increase with rising tide to 
0.69 at high tide, the final values for the Lagoon Station will be subject to 
an increase of approximately 5 per cent, which is also true for the Land 
Station since there is evidence that its reduction-factor is really about 1.05 
to 1.07. 


Potential-gradient monthly means in volts per meter 


Station 

Year 
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Aug. 

— 
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88 
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07 
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102 
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88 

04 

07 

02 
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03 

01 

120 
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The intensive meteorological program followed since the founding of the 
Observatory in 1904 was continued. The means for meteorological, ele¬ 
ments from continuous records during 1930 are given on page 314. 

Observers at.various plantations cooperated with the Observatory in 
measuring rainfall. An observing station was established on the south side 
of Savaii, where the weather differs considerably from Apia because of the 
effects of the mountainous ridge lying central on the islands of the group. 
The commanding officer of H. M. S. Laburnum inspected in July 1930 the 
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cooperating station on Atafu (low coral island, 400 km. north of Apia), 
operated by a native, and found instruments and records entirely satis¬ 
factory. Pilot-balloon observations to determine the direction and force 
of the upper winds at Apia were made on some 20 occasions, but observa¬ 
tions of both upper-air currents and of solar radiation were temporarily 
diminished during the report-year. 

Meteorological elements at Apia in 1930 


Month 

Pressure 

Temp. 

Rel. hum. 

Rain 

R&indays 

Daily 

sunshine 

1930 

mb 

°C 

% 

mm. 


h 

Jan. 

1007.2 

27.3 

79 

258.3 

22 

6.2 

Feb. 

1007.3 

26.8 

82 

480.8 

22 

4.5 

Mar. 

1009.0 

27 2 

77 

181.1 

16 

7.4 

Apr.. 

1009.1 

26.7 

77 

262.1 

15 

7.2 

May. 

1011.9 

26.5 

73 

87.4 

10 

7.2 

June. 

1010.5 

26.0 

75 

87.9 

8 

6.8 

July. 

1010.8 

25.8 

78 

22.1 

6 

8.3 

Aug. 

1011.9 

25.9 

72 

7.9 

3 

7.8 

Sept. 

1010.8 

26.1 

77 

91.4 

11 

6.8 

Oct. 

1011.2 

26.7 

77 

97.8 

11 

6.8 

Nov. 

1010.0 

27.2 

81 

298.5 

20 

5 9 

Dec. 

1006.8 

26.8 

80 

397.0 

16 

5.1 

Year. 

1009.6 

26 6 

78 

2272 3 

160 

6.7 


A radio apparatus was installed for receiving time-signals from Arlington 
to supplement the determination of exact time by solar transit employing 
the small astronomical telescope with which the Observatory is equipped. 

The annual report of the Observatory for 1927 was published and dis¬ 
tributed to geophysical institutions. The manuscript of the combined an¬ 
nual report for 1928 and 1929 was transmitted to the Observatory Board in 
New Zealand for printing. These reports and other papers prepared or 
under way are abstracted briefly in the last part of this report. 

Tucson , United States —The cooperative arrangements with the United 
States Coast and Geodetic Survey for atmospheric-electric work at the 
Tucson Magnetic Observatory were continued throughout the year. This 
Observatory is situated in latitude 32° 14'8 north, longitude 110° 50'1 
west, at an elevation above sea-level of 770 meters (2525 feet). The atmos¬ 
pheric potential-gradient and positive and negative conductivity have been 
continuously recorded throughout the report-year. 

The program at the Observatory was advanced by the generous coopera¬ 
tion of the Mountain States Telephone and Telegraph Company and the 
American Telephone and Telegraph Company in making available for an 
earth-current program two telephone lines, one from Tucson to Mammoth, 
distant 56.8 km. in a direction 19° 33' east of north, and another from 
Tucson to Wilcox, distant 93.9 km. in a direction 0° 29' north of east. The 
necessary equipment for recording earth-currents on these lines was pro¬ 
vided by the Department and installed by Rooney in time to begin photo¬ 
graphic registration of earth-current potentials at the end of March. In 
the installation of the electrodes and in the arrangements for the work, 
Rooney had not only the hearty cooperation of the personnel of the Ob¬ 
servatory, but also of that of the local staff of the Mountain States Tele¬ 
phone ami Telegraph Company. Rooney also tested earth-currents on 
some short lines near the Observatory, analysis of which indicates that the 
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registrations on both long and short lines are satisfactory. The lines have 
been made available for a period of one year, but intimation has been re¬ 
ceived that their use would be extended so that records might be obtained 
during the International Polar Year 1932-33. A brief account of the pre¬ 
liminary results of these earth-current registrations is given in the latter 
part of this report in an abstract by Gish, Rooney and Ludy. Rooney, in 
connection with this installation, also made an earth-resistivity survey in 
the surrounding region, the results of which confirm the geological evidence 
that the area about the Observatory is very uniform in structure and of 
unusually high conductivity. 

Observer-in-Charge Ludy at Tucson and Observer Hershberger of the 
United States Coast and Geodetic Survey have ably looked after the equip¬ 
ment and control-observations. Only a small amount of meteorological 
data is obtained at the Observatory; the extensive meteorological data ob¬ 
served at the Davis-Monthan Field at Tucson by the United States Signal 
Corps are being courteously supplied by the Chief Signal Officer. 

Beginning in 1931 Ludy and Hershberger have made scalings and tabu¬ 
lations for all the atmospheric-electric records. Gish and Roop at Wash¬ 
ington made the scalings and compilations of the records obtained through 
1930. 

College, Alaska —The Department cooperated during the year with the 
auroral observatory in charge of Professor Veryl R. Fuller, Department of 
Physics, Alaska Agricultural College and School of Mines, at College, 
Alaska. The grant for a five-year program of auroral research here was 
made by the Rockefeller Foundation upon the recommendation of the De¬ 
partment supported by Stormer and Heck, members of the auroral com¬ 
mittee of the Association of Terrestrial Magnetism and Electricity of the 
International Union of Geodesy and Geophysics. The Department assisted 
Fuller by ordering and forwarding two special cameras made in Norway, 
radio receiving-equipment, and by suggestions and comments regarding the 
program of observation. Two stations were established, one on the college 
campus and the other 22.8 km., 26° 29' south of east, from the first station. 
The campus station is in latitude 64° 5U4 north and longitude 147° 49f3 
west. During the winter, besides establishing stations and means for radio 
communication between them to facilitate strict simultaneity of parallactic 
photographs, “net-work” charts following the method of Professor Harang 
of Norway were constructed. In addition to a daily record of displays, 
parallactic photographs were attempted on 24 days from November to 
April, 110 exposures being made. Of these, 25 exposures gave sufficiently 
good results for the calculation of the height, distance and azimuth of 153 
points in the auroral displays. Unusually warm weather and climatic con¬ 
ditions during the early winter made conditions for auroral observations 
unfavorable. The success of the first winter’s work augurs well for the 
valuable accumulation of data and interpretative studies at this station. 

Fleming and Heck prepared an auroral code for use in sending auroral 
details observed for the daily URSIgram; the daily code-messages as.com- 
piled by Fuller are to be forwarded by radio through the United States 
Signal Corps beginning in August 1931. 

Little America, Antarctica —F. T. Davies returned to the Department 
July 1, 1930, the instruments and accessories loaned the Byrd Antarctic 
Expedition and deposited the magnetic and auroral data obtained at Little 
America. The absolute instruments were compared at Washington and 
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Davies then began the compilation and reduction of the material. The dis¬ 
cussion of the observed auroral displays was completed in the report-year 
(see abstract later in this report) and a good start was made by Wallis and 
Davies in a study of the magnetograms. 

Based upon antarctic experience, Davies assisted in the preparation of 
suggestions on methods of observing auroral displays, stressing (1) as 
simple and regular a program as possible, (2) reliable standard of intensity, 
(3) use of simple devices for measuring approximate azimuth and altitude, 
and (4) importance of recording conditions of cloud, moonlight or daylight 
at time of observation and particularly visibility of stars. 

Miscellaneous cooperation and collaboration —The loan of an earth in¬ 
ductor to the Royal Alfred Observatory at Mauritius was continued, this 
instrument now being the standard at the Observatory. 

Dr. Hale, Honorary Director of the Mount Wilson Observatory, was sup¬ 
plied with photostat copies of magnetograms obtained at Watheroo and 
Huancayo observatories for periods of magnetic storm February 22-25, 
September 25-28, and October 14-18, 1926, with the necessary data to 
interpret these, for use in his memoir on Solar Eruptions and their Ap¬ 
parent Terrestrial Effects. With the cooperation of the United States Coast 
and Geodetic Survey, he was also supplied with photostat copies of mag¬ 
netograms obtained at Cheltenham, Sitka and Honolulu during September 
10-13,1908, September 24-27,1909, and February 22-25, September 25-28, 
and October 15-18, 1926, and of the magnetograms obtained at San An¬ 
tonio, July 15-18, 1892, with the necessary data for interpreting these 
records. 

Anton Rostad of Homnes, Norway, was supplied with information re¬ 
garding the work of our observatories in connection with his research on a 
calculation of the state of dependence between the perturbing magnetic 
force and the angular distance of the simultaneously occurring aurora 
borealis from the magnetic axis of the Earth. 

Dr. H. T. Stetson, Director of the Perkins Observatory, was supplied with 
photostat copies of the Watheroo and Huancayo magnetograms of April 28, 
1930, with the data for interpretation, for use in his investigation of pos¬ 
sible correlation between the large sunspot on that date near the center of 
the Sun’s disk during the eclipse and any change in radio intensity. 

OCEAN WORK 

The preparation for publication of the observational results obtained on 
that last cruise of the Carnegie was vigorously continued, under the general 
supervision of the Acting Director, by Sverdrup, research associate (in 
residence at Washington to August 6 and thereafter at Bergen, Norway), 
Soule, Ennis, Forbush and Seaton of the regular staff, and Graham, Paul 
(to July 31,1930), Forbush, Miss Clarke and Miss Miller of the temporary 
staff assigned to this work. E. G. Moberg and G. F. McEwen of the Scripps 
Institution of Oceanography, who had also assisted in these compilations 
during several months’ stay at the Department, returned to California 
during the first half of July. Through the courtesy of the Director of the 
Scripps Institution, Moberg continues to act as a consultant in this work, 
particularly with reference to the chemical reductions. 

Paul completed the manuscript entitled Last Cruise of the Carnegie. 
After some revisions by Johnston and Fleming, this was submitted to the 
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Institution and has been accepted by the Williams and Wilkins Company 
of Baltimore for publication some time in the winter of 1931-32. 

PHY8ICAL OCEANOGRAPHY 

Temperatures and salinities observed at the 162 oceanographic stations 
in the Atlantic and the Pacific oceans were finally corrected and vertical- 
distribution curves prepared for each station. Density-values were com¬ 
puted from salinities and temperatures. Sixteen vertical sections were 
prepared for salinity, temperature and density, and horizontal sections for 
the Pacific for temperature and salinity at depths of 700, 1500 and 3000 
meters, while those for 0, 100, 200, 300, 400, 500, 1000, 2000 and 2500 
meters are nearly completed. From the scaled values of temperature and 
salinity, dynamic depths of isobaric surfaces were computed and charts 
prepared from these showing the topography relative to the 2000-decibar 
surface. Horizontal sections of density for depths corresponding to those 
for temperature and salinity are in progress. Final graphs showing tem¬ 
perature-salinity relations at different depths observed at each station are 
partly prepared. Detailed tabulations of the observed data as finally 
revised and of interpolated values of standard depths for all the physical 
elements observed were completed in form for direct publication by 
planography. 

The 1499 sonic-depth determinations were all finally corrected. The 
resulting values are excellently controlled by the depths frequently simul¬ 
taneously determined by wire and by pressure thermometers. 

Sounding velocities were computed for each of the oceanographic stations 
and 16 vertical sections were prepared and one horizontal section for the 
Pacific for the 4000-meter level. Boundaries between the areas of equal 
sounding-velocity as given by the British Admiralty publication H.D. 282 
were investigated at the points of crossing the path of the Carnegie. 

Manuscripts were prepared describing instruments, methods and reduc¬ 
tions involved in the determination of temperature, salinity, sonic depth, 
sounding velocity and securing of bottom samples. These include discussions 
not only of the functioning of the apparatus but also of the degree of accu¬ 
racy attainable. Discussion of the gravity determinations made in the 
Pacific is under way; it is not yet determined whether any of these obser¬ 
vations are of precision sufficient to provide good determinations of gravity. 
Manuscripts prepared and published bearing on the physical oceanographic 
work on the Carnegie are briefly abstracted at the end of this report in the 
section devoted to abstracts of publications and investigations. 

In meteorology, tables were prepared of the hourly values of (1) air 
temperature, (2) barometric pressure, (3) relative humidity, (4) vapor- 
pressure and (5) sea-surface temperature. Group-means for selected areas 
and harmonic analyses of the means were completed for (2). Means by 
areas were completed^ for (1), (3), (4) and (5); harmonic analyses were 
completed for (5). Manuscript was prepared descriptive of the sea-surface 
thermograph and method of reduction of thermograms. Arrangements were 
made to have the services of Andrew Thomson, who has had a wide experi- 
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ence in pilot-balloon investigations, to compile and discuss the pilot-balloon 
flights obtained on the Carnegie in the Pacific Ocean. It is expected that 
Thomson can undertake this work some time during the summer of 1931. 

The results to date of the compilation of the meteorological data from 
the Carnegie have (1) indicated the degree of accuracy and the usefulness 
as well as the weak points of certain instruments—of value to future investi¬ 
gators in marine meteorology; (2) given corrected hourly values of sea- 
surface temperature, air temperature, relative humidity, vapor-pressure, 
and barometric pressure—these could be used in world synoptic studies 
for any day of the cruise; and (3) given corrected mean values of the ele¬ 
ments for the selected areas, as a contribution to the climatology of the 
oceans, and as a means of studying diurnal variation, these records of air 
and sea temperature, humidity, and evaporation giving the necessary data 
for studying the heat-exchange over the ocean—an important factor in 
dynamic meteorology. 


CHEMICAL OCEANOGRAPHY 

Vertical-distribution curves were drawn for pH and PO« for all stations, 
and those for oxygen and silicate distribution for stations 130 to 162. 
Graphs showing all these curves for each station were prepared for publica¬ 
tion, as were also 16 vertical sections showing the distribution of the 
chemical elements observed at sub-surface levels along the entire course 
of the vessel. The tables of observed chemical elements were finally revised 
and prepared for publication. The phosphate-values are expressed in 
milligrams of P0 4 , a more logical expression than P 2 0 5 , as phosphorus in 
natural waters occurs as the PO«-ion and P s 0 8 refers to a method of 
analysis not used for sea-water. 

The determinations of dissolved oxygen in the Pacific showed marked 
differences in the oxygen-content with respect to both locality and depth, 
but in all cases the following four layers of water were readily recognized: 
(1) A layer of high oxygen-content near the surface; (2) a photosynthetic 
zone in which the maximum quantities of oxygen occurred; (3) a transition- 
zone in which the oxygen-content decreased to a minimum; and (4) a deep 
layer in which the quantity of oxygen increased slowly with depth but 
was always considerably less than at the surface. 

At most of the Pacific stations the surface values for oxygen were near 
100 per cent, but at stations between 6° and 13° south the surface-con¬ 
centrations were only from 78 per cent to 89 per cent. These low values 
could only be accounted for by assuming that at these stations at least 
part of the water had recently come from depths at which the oxygen- 
content is normally low. 

A layer of minimum oxygen occurred in the Pacific at from 650 to 1100 
meters in latitudes above 20° north, but much nearer the surface in the 
tropics and especially in the north equatorial drift and in the counter- 
equatorial current. These differences can be correlated with similar differ¬ 
ences in* the thermal stratification of the water, but in some cases there was 
evidence that horizontal water-movements also played a part. 
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Thus the deep-water of the Pacific was found to contain much less oxygen 
than that of the Atlantic as determined by others. From this it was 
concluded that the deep-water of the Pacific has lacked contact with the 
atmosphere for a longer period than has the Atlantic deep-water, either 
because the Pacific water flows at a slower rate or is farther removed from 
its sinking center. 

The variation in the quantities of dissolved phosphates in the surface- 
waters of the Pacific was found to be closely related to the surface hori¬ 
zontal circulation and to vertical circulation. In the North Pacific between 
10° and 40° there is apparently a current system forming a closed circuit 
and in this region the quantity of phosphate was unusually high, ranging 
from 80 to nearly 150 milligrams. In this region water mixing probably 
takes place to great depths during a considerable part of the year and water 
from the Bering Sea is probably brought in. In the Pacific south of lati¬ 
tude 10° north the phosphate-content was nearly everywhere higher than 
in most regions north of this latitude, but was very variable. This may 
be explained by the existence of vertical currents in this region. 

BOTTOM-SAMPLES 

The bottom-samples secured by the Carnegie were distributed for analysis 
and examination in the last report-year (see p. 266 of annual report for 
1929-30). The only complete report thus far received is that by Parker 
D. Trask of the Frick Chemical Laboratory in the study of nitrogen- 
content in connection with Project 4 of the American Petroleum Institute 
Research Program on “The origin and environment of source sediments.” 
Nearly all of the 48 samples submitted to him are pelagic deposits, about 
half coming from the eastern part of the South Pacific, two-fifths from 
various parts of the North Pacific, and the remainder from the Atlantic 
and Caribbean Sea. The conclusions drawn by him are briefly summarized 
as follows: 

“(1) Open ocean-deposits contain relatively little organic matter com¬ 
pared with near-shore terrigenous sediments; (2) the organic content of 
pelagic deposits is fairly uniform over wide areas; (3) the pelagic deposits 
in the Southern Hemisphere contain less organic matter than in the North¬ 
ern, the mean nitrogen-content for the deposits of these two areas being 
0.03 and 0.07 per cent, respectively; (4) the sediments of the North Pacific 
are richer than those of any other oceanic area, averaging 0.08 per cent 
nitrogen, but the deposits of the South Pacific are poorer than those of all 
other regions, averaging only 0.03 per cent nitrogen; (5) the data from the 
eastern part of the Pacific Ocean suggest that on progressing from mid- 
oceanic areas shoreward the organic content of the sediments begins to 
become richer at a distance of about 500 miles from the coast, but not 
until the lower part of the continental slope is reached does it increase 
markedly; (6) the organic content of near-shore sediments is very variable 
and is dependent both on supply of organic matter in the overlying water 
and the configuration of the sea-bottom, being relatively low on ridges 
and high in depressions, with maximum nitrogen-content about 0.5 per 
cent; (7) one sample from the base of the continental slope off Peru and 
one from the Gulf of Panama contain about 0.35 per cent nitrogen and 
demonstrate that rich deposits are accumulating in these areas.” 
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For the Geophysical Laboratory, Dr. C. S. Piggot reported in March 
to Dr. Day that he then had made examinations of the radium-content of 
four of the 28 samples received, these having been selected because they 
happened to have the greatest amount of material. Geographically these 
particular samples all came from depths of from 4000 to 5000 meters, 
all taken a long way from land. Dr. Piggot reports radium-content as 
determined by him in gram X 10 -12 per gram of sample to be 15.76 at sta¬ 
tion 153 (7?8 north, 140?4 west), 9.22 at station 156 (3?0 north, 149?8 
west), 9.05 at station 128 (40?6 north, 132?4 west), and 9.80 at station 132 
(31?6 north, 128?8 west). 

Dr. Mann reports that as his study of the diatoms of the 54 Carnegie 
bottom-samples progresses he is finding very interesting and valuable mate¬ 
rial. Stations off Japan, Peru, in Guam Harbo^, and in the center of the 
tropical Pacific are proving of unusual interest. New species and many 
extremely rare species are turning up in these samples. Samples taken 
near Japan in 4000 meters of water and in the tropical Pacific (station 
156) in 5000 meters are rich in bottom diatoms which can live only in 
shallow water, thus indicating that some very slowly moving currents are 
carrying these diatom shells into the abyssal regions of the ocean from 
some distant shore. 

Alfred E. Barker at the Scripps Institution of Oceanography has deter¬ 
mined the percentages of the separates in the mechanical analysis of 47 
of the samples of which there was sufficient quantity. The description of 
the biologic and mineralogic content of the different samples is to be deter¬ 
mined at the Scripps Institution. Forty-six of the samples were forwarded 
by the Department to the Sharp-Schurtz Company for chemical analysis 
to determine the silicate dioxide, iron oxide, aluminum oxide, phosphoric 
pentoxide, titanium dioxide, zerconium dioxide, manganese dioxide, cal¬ 
cium oxide, magnesium oxide, sodium oxide, potassium oxide, calcium car¬ 
bonate and magnesium carbonite. This work was in progress at the end 
of the report-year. 

BIOLOGICAL SAMPLES 

Graham, with the assistance of Ball (from November 1,1930), has made 
good progress in the separation of the 1014 biological samples of the 
Carnegie collection for distribution to various taxonomists for examination 
and report. A surprisingly large number of specialists have agreed to 
examine and report on the various groups. Prominent among these are 
the following: Albert Mann of the Smithsonian Institution and research 
associate of the Institution, diatoms; H. G. Bigelow of the Woods Hole 
Oceanographic Institution, Ccelenterates; C. H. Blake of the Massachusetts 
Institute of Technology, Ostracoda and Cladocera; Wesley Coe of the 
Department of Zoology of Yale University, Nemertians; Mary Bell Folger 
of the Fisk University, Salpida; Mrs. Ruth T. Graham at the Hopkins 
Marine Station, Chsetognatha; Harold Morrison of the United States 
Bureau of Entomology, insects; S. F. Hildebrand of the United States 
Bureau pf Fisheries, larval fish; Henry A. Pilsbry of the Academy of 
Natural Science of Philadelphia, Cirrepedia; G. C. Robson of the British 
Museum of Natural Science, Cephalopoda; Johannes Schmidt of Carlsberg 
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Laboratorium of Denmark, eel larv«; W. M. Tattersall of the University 
College of South Wales, Euphausiacea and Mysidacea; A. L. Treadwell of 
Vassar College, Annelids; J. O. Maloney of the Smithsonian Institution on 
Isopoda and others of the Institution’s staff on Echinodermata, corals, and 
miscellaneous groups; C. B. Wilson of the State Normal School of Westfield, 
Massachusetts, Copepods. In making these arrangements we have had the 
invaluable counsel of Waldo L. Schmitt of the Smithsonian Institution. 
The total number of separations of specimens from the Carnegie collection 
is over 7000. 

Arrangements were made for Graham to proceed some time in September 
1931 to the Hopkins Marine Station, Pacific Grove, California, to study 
and report upon the Peridinians of the Carnegie collection, Director W. K. 
Fisher having generously extended the facilities of that Station. 

All quantitative studies of the plankton-collection were completed by 
Graham. Counts were made of the Dinoflagellate and Diatom cells in the 
375 pump-samples. The results were discussed with respect to the physical- 
chemical conditions observed in a paper entitled Quantitative Phyto¬ 
plankton Studies in the open Pacific Ocean. The 25 vertical net hauls 
which were taken after the Carnegie left San Francisco were studied quan¬ 
titatively and discussed in respect to environmental conditions in a paper 
entitled Quantitative Plankton-Studies of some Vertical Net-Hauls in the 
open Pacific. Abstracts of these papers are given later in this report. A 
report of the operation of the Pettersson plankton-catcher with suggestions 
for improvements was compiled from notes of Graham and Paul. 

COOPERATION AND COLLABORATION 

Soule was assigned upon the request of Sverdrup as a member of the 
Wilkins-Ellsworth Trans-Arctic Submarine Expedition to take part not 
only in the magnetic work but also in the oceanographic work, having 
charge of the sonic-depth determinations, oxygen titrations and spectro¬ 
graph work as well as to assist with the oceanographic work in the diving 
chamber. 

Upon the request of the Secretary-General of the International Hydro- 
graphic Bureau, complete copies were furnished of the reports of the 
Department’s committee which considered ways and means that might 
be helpful in the development of plans for oceanographic research with 
occasional magnetic and electric observations (see pp. 264 and 265 of 
annual report for 1929-30), and the Bureau has decided to publish in its 
bulletin that section of the report by Torreson on “The determination of 
geographic position for scientific observations at sea and especially in con¬ 
nection with magnetic work.” 

Upon request, Dr. G. Schott of the Deutsche Seewarte was supplied with 
the deep-sea series of temperatures and salinities, as well as surface valjies, 
obtained by the Carnegie in the southeastern Pacific. 

Dr. Defant of the Institut fur Meereskunde was supplied upon his request 
with the final depth results obtained by the Carnegie, especially the values 
obtained in the Atlantic for amplifying the results of the Meteor. 

Lieutenant-Commander Ricketts of the United States Coast Guard was 
furnished memoranda giving comparison of the sonic depths with those 
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obtained by wire and pressure thermometers on the Carnegie and with 
some account of the correction factors as developed by Sverdrup and Soule. 
He desired suggestions and comments on the experience of the Carnegie 
to assist him in the difficulties experienced in the reduction of the Marion’s 
results. 

Memoranda and suggestions have been furnished the Director of the 
Scripps Institution of Oceanography for consideration of certain construc¬ 
tional features for a proposed oceanographic vessel for that Institution. 
Besides supplying reports of the special committee previously referred to, 
these memoranda bore on cooperative work possible in terrestrial magnetism 
and electricity, listing among other things (1) requirements for program in 
terrestrial magnetism, (2) requirements for program in atmospheric elec¬ 
tricity, and (3) possible cooperation by the Department of Terrestrial 
Magnetism and other organizations. 

Upon request, the United States Hydrographic Office was supplied with 
copies of manuscripts Corrections of Sonic Depths Determined on Board 
the Carnegie on account of Errors in the Tuning of the Instruments by 
Sverdrup and Soule and Tables for Determining the Density of Sea-water 
from Temperature and Salinity prepared by Ennis and based on Knudsen’s 
well-known tables. 

Dr. Thomas G. Thompson, Director of the Oceanographical Laboratories 
of the University of Washington at Seattle, was supplied upon request with 
particulars regarding the thermograph used for recording sea temperatures 
on board the Carnegie and other equipment utilized in the observations of 
marine meteorology. 

Numerous other requests have been received for particulars and details 
relating to the Carnegie’s program and equipment. Among these may be 
mentioned A. W. Pavlow of Moscow and J. Protopopoff of Archangel. 

FUTURE MAGNETIC WORK AT SEA 

The results of the Department’s investigations, notably those by Fisk on 
secular variation, have given increasing emphasis to the desirability of 
providing means by which reliable magnetic observations may be secured 
in the future at sea at stations separated by 1000 or 1500 miles and at 
intervals of about five years. In this connection, a letter written to the Act¬ 
ing Director of the Department under date November 29,1930, by Admiral 
H. Dominik, President of the Deutsche Seewarte, is of interest and is 
quoted below: 

“For years I have taken every opportunity to emphatically point out 
that the Carnegie Institution, through its extensive and systematic investi¬ 
gation of the magnetic conditions on all the oceans, has performed the 
greatest service for international navigation. In fact, we owe almost 
exclusively to the scientific work carried out since 1905 on the cruises of 
the two vessels, the Oalilee and the Carnegie, that it is today possible to 
give on nautical charts the magnetic data required for navigation with an 
accuracy which was not to be thought of before these voyages. 

“That this enterprise suffered a sudden interruption through the catas- 
trophal explosion in the harbor of Apia, which not only destroyed the 
yacht Carnegie but took also the life of her experienced leader, Captain 
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J. P. Ault, must be regarded as a misfortune, the gravity of which has been 
felt over the whole Earth. 

“In consideration of the extraordinary importance placed by all nations 
on the investigation of the oceans both in scientific circles and in those of 
world trade (sea and air navigation), it may be especially expected that the 
Carnegie Institution will find new means to pursue the way to this high 
goal. 

“The fact, that in the program of the seventh world cruise of the yacht 
Carnegie, as distinguished from the previous cruises, in addition to the 
magnetic work, other extensive geophysical investigations were undertaken 
on a large scale, could easily give rise to the impression that the magnetic 
survey had been brought to a certain conclusion and that only occasional 
supplementary measurements were needed. In this connection, I would 
refer to our last year’s correspondence in which, for example, I emphasized 
the desirability of extending the survey of the Indian Ocean. As I have 
just learned from Dr. Burath who has charge of the discussion of magnetic 
data, the lack of recent magnetic measurements in the western part of 
the Indian Ocean has been very keenly felt in the preparation of new 
charts of this region, particularly because of the existence there of unusual 
conditions with reference to the secular change of the magnetic declina¬ 
tion. Apart from this case, it seems to me also necessary for other reasons 
to continue the enterprise so successfully begun, with all possible means 
and thus to enhance and ensure the scientific and practical advantage that 
lias heretofore been attained.” 

While the apparent solution of this difficulty would be a second non¬ 
magnetic vessel, it is not possible for the Institution to incur the very 
considerable expense that would be involved in such a vessel and in its 
maintenance solely for magnetic work. There is therefore under consid¬ 
eration by Peters, Fleming and Soule the feasibility and practicability 
of designing a submerged magnetograph of non-magnetic materials which 
may be towed at some distance from any vessel and in which photographic 
records of the three magnetic elements may be obtained. Peters has pre¬ 
pared “A preliminary memorandum on a submerged ocean-magnetograph.” 
Nippoldt of Potsdam, who has reviewed the first draft of this memorandum, 
is enthusiastic regarding the possibilities of such an apparatus and has 
also offered some suggestions. 

SALVAGE OPERATIONS 

It was necessary to devote considerable time to miscellaneous details 
concerned with closing various matters arising from the loss of the Carnegie. 
W. M. Burnett of Apia continued the work of salvaging the brass, lead 
and other valuable metals from the Carnegie wreckage; this work was 
practically completed under his supervision during the report-year. One 
of the bronze anchors was recovered and returned to Washington, where 
it will be mounted in a suitable manner in the Department grounds. .The 
flag and shield of the Carnegie were also returned from Apia. 

INSTRUMENT SHOP 

The small personnel of the instrument-shop, under the capable manage¬ 
ment of Huff, was an important factor in the work done in all of the 
Department’s researches—work requiring an unusually wide diversity of 
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design and construction. The time of the shop-personnel—about 11,300 
man-hours for the year—was devoted to the construction of new equipment 
and experimental apparatus, to the repair and improvement of standard 
instruments, equipment and apparatus, and to stock, special and miscel¬ 
laneous items. 

New designing included an improved type of mounting for potential- 
gradient field-collectors, a large ion-counter, and various appurtenances 
for use in atmospheric-pollution investigation, an experimental potential- 
gradient apparatus installed and used in connection with the Benndorf 
electrometer, and a combined hourly zero and calibrating-device attached 
to the Benndorf electrometer. The Wilson-Blackett apparatus required 
the design of special camera-mechanisms, mechanical movements con¬ 
trolling the camera and vacuum-systems, and electrical contacts controlling 
the sequence of operation during the cycle. A time-delay relay for con¬ 
trolling the application of plate-potential to mercury-rectifier tubes for use 
with transmitters was also designed. The experimental apparatus for use 
in the dynamic-deviation investigations required the design of a device 
for maintaining the oscillation of a large swing at various degrees of ampli¬ 
tude, as well as devices for operating a motion-picture camera, and a device 
for indicating the degree of amplitude of the swing on the motion-picture 
film. The non-magnetic feature of the apparatus naturally increased the 
difficulties of design. A rigid boring-tool holder for the large lathe was 
designed and constructed after a suggestion by Haase. A small ion-counter 
was designed and constructed for the Rockefeller Foundation. 

The three largest items of construction were the Wilson-Blackett appa¬ 
ratus, marine conductivity-apparatuses 9 and 10, and the experimental 
apparatus for the study of dynamic deviation. Other work included mis¬ 
cellaneous construction for the high-voltage apparatus, preparation of a 
laboratory in the attic and construction of apparatus for the atmospheric- 
pollution experiments there, experimental Kennelly-Heaviside apparatus, 
general instrument-repairs, preparation and installation of the annual 
exhibit, equipment for determining height of Kennelly-Heaviside layer for 
field-use, construction of a short-wave transmitter for the Huancayo Mag¬ 
netic Observatory, and preparation of shipments to field and observatories. 

The shop-lighting was improved by installing a special system of ceiling- 
units at regular intervals. Oxy-acetylene welding and cutting equipment 
was purchased and a portable welding-bench constructed. A new circular 
saw in the carpenter shop and a new bench-type milling machine were 
installed. Interchangeable chucks and fixtures were made for the new 
milling machine to conform to the shop practice of having work trans¬ 
ferable from one machine to another without removal from the chuck. 
Arrangements for storage of stock were added to and improved. A new 
system of gas pipes of ample capacity, serving the glass-blowing shop and 
the main shop, was installed—this has speeded up work and prevented 
losses in brazing, heavy soldering, forging and tempering. 

A grinding machine for making glass ground-joints and a complement of 
taper chucks of various diameters, but of a standard one-tenth taper, were 
designed, constructed and installed in the glass shop. 
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Earth-current recording apparatus was completed and shipped to the 
Tucson Observatory. Instrument repairs included dip circles, theodolites, 
and other equipment for the Wilkins-Ellsworth Trans-Arctic Submarine 
Expedition, and magnetometer repairs for the Dominion Observatory. A 
large cabinet for storage of instruments and records was constructed. 

A paper describing the automatic time-delay relay was prepared and 
published in the Proceedings of the Institute of Radio Engineers (see 
abstracts of publications later in this report). 

MISCELLANEOUS ACTIVITIES 

International and national unions and commissions —Fleming, Kennelly 
and Harradon attended the Stockholm Assembly of the International Union 
of Geodesy and Geophysics during August 15-23,1930, as delegates of the 
American Geophysical Union. Kennelly and Fleming were also designated 
official representatives of the Carnegie Institution of Washington at this 
Assembly. Fleming was elected President of the Association of Terrestrial 
Magnetism and Electricity of the International Union for the term from 
August 1930, was made chairman of a special committee of the Association 
charged with deliberations and recommendations regarding the work and 
distribution of magnetic observatories, and a member of the special com¬ 
mittees to deal with the study of secular variation and to study sudden 
commencements of magnetic storms. The Association also designated the 
Department of Terrestrial Magnetism as a center to consider organizing 
and standardizing ion-counting apparatus. Harradon also took part in the 
September meetings of the Deutsche Geophysikalische Gesellschaft in 
Potsdam. 

The Acting Director was also elected to the International Research 
Council’s Committee for the Study of Solar and Terrestrial Relationships. 
He continued as a member of the International Commission of Terrestrial 
Magnetism and Atmospheric Electricity of the International Meteorological 
Organization and of its Commission on the International Polar Year 
1932-33. With Harradon as invited guest of the latter Commission, he 
attended its meetings in Leningrad during August 26-30 and was placed 
on the sub-committees on magnetic instruments and on earth-currents. 

Various members of the staff supplied information to the National 
Research Council as requested. The Acting Director continued to serve 
on its Committee on Submarine Configuration and Oceanic Circulation 
and was made chairman of its reorganized sub-committee on terrestrial 
magnetism and electricity of the Committee on the Physics of the Earth, 
and Fisk, Gish and Peters have been made members of that Committee to 
assist in the preparation of a volume in this geophysical series relating 
particularly to terrestrial magnetism and electricity. ‘ Soule continued as 
a member of the corresponding committee on oceanography. 

Many members of the staff took active part in the work of the American 
Geophysical Union. Fleming, Peters, Gish and Fisk served on the Execu¬ 
tive C ommi ttee of the Union, Fleming being elected for another three- 
year term as General Secretary of the Union, and Fisk and Gish continuing 
as secretaries of the sections of Terrestrial Magnetism and Electricity 
and of Meteorology, respectively. The Department was well represented 
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during the twelfth annual meeting of the Union, papers and progress reports 
being contributed by Fleming, Fisk, Harradon, Bartels, Peters and Gish 
(for brief summaries of these, see “Abstracts of publications and investiga¬ 
tions”). Fleming edited the papers presented at the twelfth annual meeting 
for publication and, with Capello, prepared them for pianographing; the 
229-page volume of these Transactions was completed in June. 

Fleming continued as the responsible editor of the Journal of Terrestrial 
Magnetism and Atmospheric Electricity published by the Johns Hopkins 
Press—now in its thirty-sixth volume—and as collaborator on the editorial 
board of Gerlands Beitrage zur Geophysik, and Gish was made a collabo¬ 
rator on the editorial board of Erganzungshefte fur angewandte Geophysik 
of the same journal. Peters was named associate editor of the Journal 
of the Washington Academy of Sciences from thd Philosophical Society of 
Washington. Bartels continued as one of the Board of Editors of the 
Zentralblatt fur Mathematik und ihre Grenzgebiete. 

The Acting Director was elected to the Board of Trustees of the Woods 
Hole Oceanographic Institution for 1931-34 and a counselor of the American 
Meteorological Society for 1931-33. 

Sverdrup and Fleming were elected first and second vice-presidents, 
respectively, of the Research Advisory Council of Aeroarctic (International 
Society for the Exploration of the Arctic Regions by Means of Aircraft); 
Harradon represented the American Section of Aeroarctic at the third 
general meeting of that Society held in Berlin, November 5-8,1930. Wait 
was elected recording secretary of the Philosophical Society of Washington 
and Huff a member at large of its General Committee. 

The Acting Director continued as a member of the advisory committee 
for the Goddard rocket project, in the cooperation of the Institution with 
R. H. Goddard in his development of rockets for exploring the upper air. 

Peters and Fleming continued as members of the Cooperation Committee 
of the International Union of Scientific Radiotelegraphy. Through the 
efforts of this Committee, the collection and broadcasting of daily radio¬ 
grams of geophysical phenomena through Science Service was begun in 
August 1930. Miss Clarke has regularly compiled quarterly decoded state¬ 
ments and tabulations for publication in the Journal of Terrestrial Mag¬ 
netism and Atmospheric Electricity of these messages, which are of great 
value to all geophysical investigators. 

Lectures and colloquia —Various papers, as hereinafter noted in “Abstracts 
of publications and investigations,” were presented by members of the 
staff before the American Geophysical Union, the American Meteorological 
Society, the Philosophical Society of Washington, the American Section 
of the International Union of Scientific Radiotelegraphy, and the Pasadena 
and Cleveland meetings of the American Association for the Advancement 
of Science and the American Physical Society. Torreson delivered lectures 
on “The last cruise of the Carnegie ” April 18, 1931, at the Brooklyn 
Academy of Arts and Sciences, and December 28,1930, in Cleveland, Ohio. 
Davies delivered lectures relating to the Byrd Antarctic Expedition as 
follows at McGill University, Montreal: Public meeting, November 14, 
“The Byrd Antarctic Expedition”; Physics Department, November 13, 
“Work of the Byrd Antarctic Expedition in terrestrial magnetism, aurora 
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australis, and ice-studies”; McGill Chapter Sigma Xi, November 12, 
“The scientific work of the Byrd Antarctic Expedition”; Physics Colloquim, 
November 17, “Survey of the work of the Department of Terrestrial Mag¬ 
netism of the Carnegie Institution of Washington”; and on November 17 
he took part in a general discussion on polar problems with a group of the 
scientific faculty of the university. Davies also spoke on the Byrd Amt- 
arctic Expedition at a meeting of the Brotherhood Club of the Takoma 
Park Presbyterian Church. 

The Department has actively cooperated with the General Secretary of 
the Fifth Pacific Science Congress to be held in Victoria and Vancouver in 
May and June 1932 through suggestions for papers from the United States 
in its program including communications from members of the staff at the 
office and in the field bearing on problems of the Pacific region in terrestrial 
magnetism and electricity, and in oceanography. 

Evening meetings in the Library of the Department of the weekly 
seminar in terrestrial electricity, with Gish as leader, were resumed during 
October 10, 1930, to May 28, 1931. The papers presented and discussed 
at these meetings were: Relations between condensation-nuclei and the 
electrical condition of the atmosphere, by Wait; A general survey of 
atmospheric electricity, by Gish; The maintenance of the Earth’s negative 
charge, by Gunn of the Naval Research Laboratory; The direction of cur¬ 
rent in lightning-discharges at sea, as deduced from compass-indications, by 
Peters; Factors which determine the number of ions in the atmosphere, 
by Gish; On the electric field of thunderstorms, by Torreson; Results of 
earth-current observations at the Huancayo Magnetic Observatory, 1927- 
1929, by Gish; Methods and instruments for measuring atmospheric-electric 
elements, by Johnston; The electrical charge of precipitation, by McNish; 
The regular variation of the atmospheric-electric elements, by Gish; Some 
principles underlying the measurement of the atmospheric-electric elements, 
by Gish; The scientific work of the Byrd Antarctic Expedition, by Davies 
(particular emphasis being placed on the auroral work); The electric space- 
charge of the atmosphere, by Wait; Equipment for recording the conduc¬ 
tivity of the atmosphere, by Torreson; Ionization-measurements with a 
vacuum-tube electrometer, by Hafstad; Atmospheric-electric observations 
in the polar regions, by Johnston; On the kinetic theory of the recombi¬ 
nation of ions, by McNish; Space-charge in the atmosphere—methods of 
measuring and results, by Wait; Aurora australis, by Davies; Some general 
principles bearing on the interpretation of atmospheric-ele.ctric measure¬ 
ments, by Gish; General remarks on geophysical periodicities, by Bartels; 
A preliminary examination of non-cyclic corrections for Watheroo Observa¬ 
tory magnetic data, by Fleming and Edmonds; Correction of Fourier 
analysis for non-cyclic change by the method of least-squares, by McNish; 
The effect of atmospheric pollution upon the ionic content of the atmos¬ 
phere, by Wait and McNish; A review of reports of the British Committee 
for the Investigation of Atmospheric Pollution, by Torreson; The use of 
tabulating-machines in the analysis of periodic phenomena, by Duvall; 
Correlations of atmospheric potential-gradient with sunspot-numbers, polar- 
light frequency, and magnetic disturbance, by Johnston. A number of the 
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meetings were devoted to informal communications and discussions of 
methods and progress in the Department’s fields. 

Active part was taken in the weekly colloquia on atomic physics by the 
members of the Department interested in the high-voltage work. Arrange¬ 
ments were made to have Dr. R. H. Fowler of Cambridge, England, inspect, 
late in April, the activities of the Department and to discuss before the 
colloquium results of recent investigations in atomic physics and magnetism. 

The Acting Director served during the report-year as a member of the 
Lecture Committee of the Institution. 

Exhibits —The Department’s contribution to the Institution’s annual 
exhibit in December related to (a) high voltage as a means for investigat¬ 
ing the atomic nucleus and (6) exploration of the ocean-depths. Under 
(o) the separate items included (1) a high-voltage'vacuum-tube with mag¬ 
netic-deflection apparatus used in the production and study of beta-rays, 
(2) transparencies of photographic records of beta- and gamma-rays, (3) 
transparencies showing method of “heat-working” high-voltage tubes to 
prevent shattering of the glass, and (4) working model showing a new 
method for the production of extremely high voltages, especially suitable 
for use with high-voltage vacuum tubes. The nine items under (b) showed 
some conclusions and new features resulting from the discussion of the 
chemical and physical data obtained on the seventh and last cruise of the 
Carnegie by transparencies and graphs and some of the more interesting 
plankton specimens collected. Torreson, who with the Acting Director 
served on the Exhibit Committee of the Institution, had general charge 
of this exhibit and its presentation. 

Upon request from the New York Museum of Science and Industry, the 
following exhibits with descriptive notes were presented to that Museum: 
Native ax from the Rio Pachitea, eastern Peru; general utility knife made 
from ore smelted by natives of Belgian Congo and sheath made from 
antelope skin; stone hatchets procured at Easter Island, December 1916— 
probably relics of weapons used by earlier inhabitants; and model of 
balsa-wood raft or seagoing boat used by Brazilian fishermen. 

Library —The policy of acquiring, as far as possible, copies of all publi¬ 
cations relating to terrestrial magnetism and electricity which subjects con¬ 
stitute the special province of the Library of the Department, as well as 
of important works on allied geophysical subjects, was continued as in 
former years. Expansion is, however, by no means uniform but is deter¬ 
mined by the evolution of scientific investigation. Thus during the past 
few years there has been a prodigious development in methods of pros¬ 
pecting for deposits of useful minerals and of oil in the underground, and 
many valuable publications on this subject have been added to the Library. 
Terrestrial magnetism and electricity play an important role in these 
methods and give promise, moreover, of decided scientific use in future 
studies of the Earth’s crust. In like manner, interest in the polar regions, 
stimulated by the prospect of a second International Polar Year 1932-33, 
has given rise to a rapidly increasing literature so that it was found 
necessary "to provide a new section in the library classification to care for 
the material already published and in anticipation of important scientific 
publications in this field. 
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During the report-year the accessions have been 812, thus bringing the 
total number of accessioned volumes and reprints to 18,276. The actual 
number of titles added to the card catalog is, however, very much greater 
than indicated by this number since there are carded, classified, and incor¬ 
porated in the card index all important articles relating to geophysical and 
cosmical topics having bearing on present or projected work of the Depart¬ 
ment. Some 75 current scientific journals are kept on file in the Library. 
As the volumes of these periodicals are promptly bound on completion, the 
card catalog becomes a permanent and much-used reference index to the 
valuable material, not otherwise readily accessible, in this periodical litera¬ 
ture and constitutes one of our greatest aids for those engaged in investiga¬ 
tional and experimental researches who must keep themselves informed 
on the latest developments in their special lines of work. 

In connection with the publication of the Journal of Terrestrial Mag¬ 
netism and Atmospheric Electricity, attention has been especially given 
to editing foreign manuscripts, preparation of notes, and writing abstracts 
and reviews. The extensive bibliography of world literature on terrestrial 
and cosmical magnetism and electricity published in each number of the 
Journal has been continued and particular care has been exercised in pre¬ 
paring brief notices to accompany many of the entries for the purpose 
of furnishing accurate and reliable information to investigators desiring 
more details regarding the item listed than are afforded by the title alone. 

During the period August to December 1930 the Librarian was in Europe 
establishing contacts with scientific men and institutions and increasing 
his knowledge of foreign languages and customs. 

During the year, many articles, documents and letters, some at the 
request of the Institution, were translated from various foreign languages. 

In continuation of previous lists, Kolar prepared a list of publications 
by members of the Department for the year ended December 1930, at 
which date the total number of such publications approximated 960. More¬ 
over, he has collected and prepared for binding ten complete sets of the 
contributions of the Department for the years 1928 and 1929, and is, at 
the end of the report-year, at work on the volume for 1930. While the 
Librarian was in Europe, Kolar was in charge of the Library, being assisted 
by Miss Clarke. 

Investigators and students from laboratories and scientific institutions 
not only in Washington but from other parts of the country have come 
to avail themselves of the facilities offered for consulting the wealth of 
material on geophysical subjects, the completeness of which is hardly 
equaled elsewhere. Much use of the Library was made by individuals from 
the various Government bureaus, particularly from the Bureau of Stand¬ 
ards and the Bureau of Mines, while the cordial reciprocal relations with 
other libraries, especially the Library of Congress, were maintained and 
have proved, as in other years, of mutual help and advantage. 

This report would not be complete without reference to the invaluable 
constructive services of the Department’s Chief Clerk M. B. Smith and 
Property Clerk J. J. Capello, and their assistants Kolar, Scott, Moats and 
Dixon. They have been responsible for a large share of the maintenance 
of the Department’s widespread activities at the office and in the field. 
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ABSTRACTS OF PUBLICATIONS AND INVESTIGATIONS 

Use of magnetic data for investigating radiation from the Sun. 1 J. Bartels. Pub. 

Nation. Kes. Council, Trans. Amer. Geophys. Union, 12th annual meeting, 
126-131 (June 1631). 

The diurnal variations of terrestrial magnetism are caused primarily by 
electric phenomena in the highest parts of the Earth’s atmosphere. In 
magnetically quiet times, the state of ionization and other effects in the 
upper atmosphere are presumably caused by solar ultra-violet radiation, 
which is completely absorbed by the air before it comes down to lower 
heights and therefore can not be observed directly. Thus a close study of 
the diurnal magnetic variations is indicated as a rather unique possibility 
for getting observational information about this part of the solar spectrum 
—in particular, its variability. A scheme is outlined for a comprehensive 
representation of the system of the complex diurnal magnetic variations 
on each single day, using a generalized harmonic dial; the variability of 
this system from day to day can be decomposed into a systematic world¬ 
wide part and, more or less regional, ephemeral changes. The systematic 
part can be used as an index for the effect and intensity of the solar agency 
in question. Only reliable observations, free of any faulty temperature 
effect, are suitable in this work. Observations at Sitka, Alaska, are used 
for demonstrating the possible existence of a world-wide influence of 
this kind. 

The variability of the quiet-day diurnal magnetic variation at Watheroo. J. Bartels. 

Days with international character-figures 0.0 and 0.1 were selected. The 
daily variations of the magnetic elements in the corresponding single 24-hour 
intervals between 8 a. m. standard time at Watheroo (Greenwich midnight) 
were subjected to harmonic analysis by use of bi-hourly differences. The 
computations, made by Kolar and Scott, were provisionally confined to 
southern summer. Two groups with high and low sunspot activity were 
formed. The number of days available in each group during 1919-1929 
is 171 and 165, respectively. The seasonal change of the average diurnal 
variation, though small during the interval chosen (October 14 to Feb¬ 
ruary 28), is eliminated. The harmonic dials for the 24-hour sine-waves 
show that these vary considerably even under very quiet conditions. This 
was to be expected after the previous extensive work of S. Chapman and 
J. M. Stagg, who used the range as a measure of the intensity of the quiet- 
day diurnal variation. An unexpected feature of the sine-waves on single 
days was found in a marked tendency to combined changes in phase and 
amplitude. This is expressed in the harmonic dials by a distinctive elliptic- 
ity in the distribution of the single vectors. The ratio of the two axes of 
the “probable ellipse” is generally of the order 1.4 to 1. Attempts to 
interpret this phenomenon in terms equivalent to Chapman’s discussion or 
to the program outlined in the former paper is postponed until more mate¬ 
rial has accrued, especially concerning the twelve-hour wave. 

The annual variation of the mean magnetic vector at Watheroo. J. Bartels. 

Normal values were computed for the north, east and vertical compo¬ 
nents of the magnetic intensity at Watheroo. Following the suggestion of 
Adolf Schmidt, they are defined as averages for intervals of 12 months and 
ascribed to the center of each such interval. Deviations of the means for 

1 Presented at the meeting of the Section of Terrestrial Magnetism and Electricity of 
the American Geophysical Union, Washington, April 30, 1931. 



DEPARTMENT OP TERRESTRIAL MAGNETISM 


331 


each single month from the corresponding normal values were formed. 
They show a distinctive annual variation. For the average of the years 
1919 to 1929, in the southern midsummer-months December and January, 
the north component is 10 y higher than its annual mean and the vertical 
component 5y below its annual mean, while the east component changes 
little. By division into two parts with periods of twelve and six months, 
it is shown that these apparently arise from different physical causes. The 
conclusions drawn by Adolf Schmidt from the Potsdam observations appear 
in a different light when these observations from the southern hemisphere 
are considered. The semiannual part in both hemispheres is a decrease 
of the north components during the equinoxes due to the higher frequency 
of disturbances with their characteristic depression in horizontal intensity. 
But the twelve-month part in these middle latitudes depends on the season 
of the respective hemisphere and is described as an increase of horizontal 
intensity in summer, a decrease in winter. 

The twelve-month part is probably related to the higher ionization over 
the summer hemisphere. Qualitatively, it is similar to the seasonal change 
derived by S. Chapman from Gunn’s diamagnetic theory. Definite state¬ 
ments will only be possible when a greater number of stations is consid¬ 
ered; unfortunately, since the deviations of single monthly means from 
their normal value depend largely on magnetic activity, it will be rather 
difficult to find the pure seasonal effect. When the internal and external 
fields can be separated accurately enough, the annual variation, because 
of its long period, may give an interesting example for the application of 
the theory of induced currents within the Earth. 

Plan for the computation of solar and lunar magnetic variations at Watheroo, 1919-1930. 

J. Bartels. 

This scheme is based on the experience gained in previous lunar computa¬ 
tions by S. Chapman, Adolf Schmidt and the writer. Days are grouped 
according to season, average sunspot number for the month (three groups), 
and daily international magnetic character-figures (four groups). This 
choice of subdivisions is largely imposed by the necessity that the amount 
of data used in each group is sufficient to reduce accidental variation in 
the average. Bi-hourly differences are used in order to save labor. 

Geophysical stereograms. J. Bartels. 

Three-dimensional phenomena are only poorly visualized in plane draw¬ 
ings. This is especially hampering in the case of terrestrial magnetism 
because variations in time as well as in space largely affect the three com¬ 
ponents of the magnetic vector. Therefore, simple formula were derived 
for stereoscopic drawings, and a first series of stereograms bearing on 
diurnal, annual and storm-time variations were derived with the help of 
Ennis and Green from the Watheroo data. The magnetic vector is supposed 
to originate in a fixed point, and the movements of the end of this vector 
in space are represented. These stereograms give a much more vivid 
impression of the actual phenomena than the graphs usually prepared, <and 
may therefore be also helpful in furthering theoretical considerations. It 
is contemplated to produce stereograms bearing on secular variation and 
local disturbances, as well as oceanographic and meteorological phenomena 
from observations aboard the Carnegie. As an alternative, a method of 
drawing anaglyphs (stereograms in two colors) was developed with the 
help of Torreson. 
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Bemerkungen rur praktischen harmonigchen Analyse. J. Bartels. Beitr. Geophysik, 
vol. 28, 1-10 (1030). 

This paper gives the formulas for the use of differences in harmonic 
analysis, either numerical or mechanical, for application in the analysis of 
diurnal variations on single days. 

Geophysikalischer Nachweia von Ver&nderungen der Sonnenstrahlung. J. Bartels. Ergeb* 
nisae d. exakten Naturwisaenschaften, vol. 9, 38-78, Berlin, J. Springer 
(1930). 

This communication, following a summary of astrophysical observations, 
discusses the interrelations between Sun and Earth in meteorological, mag- 
netical and radio phenomena, and their bearing on supposed changes in 
the Sun's corpuscular and wave-radiation. 

< 

Polarlicht: Theorie und Beobachtung. J. Bartels. Naturw., vol. 19, 190-191 (1931). 

This note reviews the experiments of Briiche and Lee’s discussion of 
auroral observations in Lerwick. Incidentally, a case of aurora with 
ray-structure during very quiet magnetic conditions is connected with a 
nearly simultaneous photograph of auroral spectrum by L. A. Sommer at 
Gottingen, which, as the only plate in 60, showed the nitrogen bands besides 
the green line. This supports Lord Rayleigh’s conception of the nitrogen- 
bands as indicators of polar aurora in contrast to non-polar aurora, where 
they do not appear. 

Annual report of the Director of the Department of Terrestrial Magnetism, Carnegie 
Institution of Washington. Louis A. Bauer and J. A. Fleming. Carnegie 
Inst. Wash. Year Book No. 29, 1929-1930, 249-322 (1930). 

The operations of the Department for the year July 1, 1929 to June 30, 
1930, are given in detail. A general summary precedes brief accounts of 
the various lines of work for (a) investigational and experimental work 
including terrestrial magnetism and electricity and cosmical relations, con¬ 
tributions of research associates, magnetism and atomic physics, and experi¬ 
mental work in terrestrial electricity, (b) field work and reductions including 
improvements and cooperation for field and observatory, cooperation with 
other organizations, ocean work, land magnetic survey, observatory work, 
and instrument work, (c) miscellaneous activities, and (d) abstracts of 
publications and investigations including not only brief accounts of pub¬ 
lished investigations and articles but also investigations, experiments, and 
discussions under way or initiated during the year. 

Terrestrial Magnetism and Atmospheric Electricity: An international quarterly journal. 

Louis A. Bauer and J. A. Fleming, Editors. Vol. 35, Nos. 3 and 4, 125-268 
(September and December 1930); vol. 36, Nos. 1 and 2, 1-160 (March and 
June 1931). 

The continued world-wide increasing interest in the fields of this journal, 
now in its thirty-sixth year, made necessary enlargement of its quarterly 
issues. It serves as a medium not only for publication of original memoirs 
but also to encourage cooperation among geophysicists in all parts of the 
world by maintaining progress-accounts, reviews, and notes of current and 
planned researches, investigations, international meetings, and survey opera¬ 
tions. Separate sections are devoted to (a) letters to editor, (b) principal 
magnetic storms, (c) reviews and abstracts, (d) notes, and (e) list of 
recent publications. 
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On the interpretation of Dirac’s alpha-matrices. G. Breit. Proo. Nation. Acad. Sci., 
vol. 17, 70-73 (January 1931). 

It is known that in a certain sense the matrices a x , a 2 , a, used by Dirac 
in his relativistic equation have the significance of velocities. It has been 
recently shown by Schroedinger that in a Certain sense the motion of a 
free electron can be decomposed into two parts. The part xg represents the 
usual uniform motion of translation while lie is a superposed motion of a 
vibratory character. Although Schroedinger’s paper makes it clear just 
how the ag may be thought of as instantaneous velocities, it seems appro¬ 
priate to point out some of the characteristic features of this interpretation. 
The paper brings out that (1) it is possible to have solutions of the general 
relativistic one-electron problem which correspond to one of the a*- having 
definitely a given value say +1 or (—1) at one particular time and which 
imply that the velocity is —c (or -f-c) in the direction xg, (2) such solutions 
give a definite value of an ag only at one time, (3) such solutions for a free 
electron involve in general a finite probability of states of negative energy, 
and (4) in the special case of the momentum pg becoming infinite the 
probability of states of negative energy may become zero. 

The fine structure of He as a test of the spin-interaction of two electrons. G. Breit. 
Phys. Rev., vol. 36, 383-397 (August 1, 1930). 

Note on frequency-shifts in dispersing-media. G. Breit and E. 0. Salant. Phys. Rev., 
vol. 36, 871-877 (September 1, 1930). 

These papers are abstracted on pages 294 and 295 of the annual report 
for 1929-30. 

The hyperfine structure of 8 and P terms of two-electron atoms with special reference 
to Li*. G. Breit and F. W. Doermann. Phys. Rev., vol. 30, 1732-1751 
(December 15, 1930). 

The proper form of the interaction energy between the nuclear magnetic 
moment and the electronic system of a many-electron atom is discussed. 
The results of the Dirac equation for a single electron are taken as the 
guiding principle. A form for the interaction energy is set up as an expres¬ 
sion involving Pauli’s spin-matrices. No convergence difficulties occur in 
the form here given. 

The interaction Hamiltonian is applied to the *S and *P terms of two- 
electron atoms for the case of Russell-Saunder’s coupling. An exact formula 
is derived for the resultant hyperfine structure of *S terms and corrections 
to the Goudsmit Bacher formulas for ®P terms are given. It is shown that 
the Land4 interval rule for S S hyperfine structure levels is exact, and that 
therefore the ratio of intervals can be used to determine nuclear spin 
moments. 

The formulas are applied to the Li* 5485A line. Proper functions for S 
levels are worked out by the variational method and applied to the calcula¬ 
tion of the magnetic moment of Li 7 . With Schiiler's wave-length data the 
nuclear g factor is 2.13 on the assumption that the nuclear spin is 3/2. 

The accuracy of the calculation is discussed. It is likely to be good to 
at least 2 per cent in g. As a by-product of the calculation the lowest 
energy-level of ortholithium has been computed as —1.1354 in unit# of 
the ionization potential of Li**. The empirical value is —1.1358. 

The magnetic moment of the Li, nucleus. G. Breit and F. W. Doermann. Phys. Rev. 
vol. 36, 1262-1264 (October 1, 1930). 

This note presents evidence that if the nuclear spin is 3/2, Schiiler’s 
observed frequency separatipn between components (1) and (3) speaks 
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in favor of a nuclear magnetic moment greater than that of three protons 
by about 6 per cent. 

Derivation of hyperfine-structure formulae for the one-electron spectra. G. Breit. Phys. 
Rev., vol. 37, 51-52 (January 1, 1931). 

A short but rigorous derivation is given for the energy-level separations 
caused by a nuclear magnetic moment in a one-electron spectrum. Two 
general formulas are given and one which may be used for weak coupling 
between the orbital angular momentum and the electron-spin. 

Mean-value theories in quantum mechanics. G. Breit. Phys. Rev., vol. 37, 90-01 (Janu¬ 
ary 1, 1931). 

It is shown how mean-value theorems in quantum mechanics follow 
from operator equations. 

( 

Anomalies in hyperfine structures. G. Breit. Phys. Rev., vol. 37, 1182-1183 (May 1, 
1931). 

A comparison of hyperfine structure of p 1/2 - and j>*/ 2 -levels is made. In 
the Pi/g-state the electron is much closer to the nucleus. An anomalously 
large separation is to be expected. 

Significance of air- and sea-temperatures obtained on Cruise VII of the Carnegie. 1 K. B. 
Clarke. Mon. Weath. Rev., vol. 59, 183-185 (May 1931). 

The instruments used in obtaining air and sea temperatures on the 
Carnegie, Cruise VII, are described. A discussion of the correction factors 
applied and of the resulting accuracy of these data follows. The diurnal 
variation in lapse rate between thermometers on the deck and at the cross- 
trees is used in correcting the temperatures recorded in the screen on deck 
for excesses due to overheating of the thermometer. Means for selected 
areas are used in the discussion of results. Only in the regions of the Gulf 
Stream and of the Gulf of Panama were differences between mean air 
temperature and mean sea temperature greater than 1?0 C. A comparison 
of corrected mean daily air temperatures with mean daily sea temperatures 
indicates that if the true air temperature at level of the deck could be 
obtained the mean daily air temperature would seldom exceed the mean 
daily sea temperature. 

Lapse-rates obtained from thermometers at various heights above deck 
are decidedly super-adiabatic and can not be used to represent conditions 
over the sea unless the effect of overheating of the thermometers can be 
eliminated and the observations corrected for differences in efficiency of 
ventilation due to changing wind direction and wind velocity. 

American URSI broadcasts of cosmic data. K. B. Clarke. Terr. Mag., vol. 35, 184-185 
(September 1930) and 252-253 (December 1930); vol. 36, 54 (March 1931) 
and 141 (June 1931). 

Cooperating with the American section of the International Scientific 
Radio Union, Science Service is collecting daily cosmic data for broadcast 
by the United States Navy and for distribution otherwise to those inter¬ 
ested. Beginning with the September 1930 number of the Journal of Ter¬ 
restrial Magnetism and Atmospheric Electricity, a decoded tabular sum¬ 
mary of these data on terrestrial magnetism, solar constant, and sunspots 
is presented as a regular feature. 

1 Presented at the meeting of the American Meteorological Society, Washington, May 
4, 1931. 
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Note* on the green flash observed August 29, 1928, and October 16, 1929. F. T. Davies. 
Terr. Mag., vol. 36, 61-62 (March 1931). 

Aurora australis observed on the Byrd Antarctic Expedition. 1 F. T. Davies. (Abstract) 
J. Wash. Acad. Sci., vol. 21, 280-283 (June 19, 1931). 

Observations of aurora australis were recorded at the winter quarters of 
the Expedition (Little America, 78?6 south and 163?8 west) from April 
3 to September 26, 1929, through a regular half-hourly watch night and 
day. Auroral displays were seen on over 90 per cent of the clear or only 
partly clouded nights. Auroral frequency, better expressed as a ratio of 
the number of displays seen to the number that could have been seen, cloud 
and light conditions permitting, was 48 per cent. 

Of 1415 half-hourly records obtained 24 were brilliant, 60 were bright, 
320 were moderate, and 1011 were faint. This indicates that, since decreas¬ 
ing intensity corresponds with greater numbers seen, aurora may be almost 
continuously present though too faint to see. In each month except Sep¬ 
tember the number of displays having no ray-structure was greater than 
the number with ray-structure. The ratio of “no ray-structure” to “ray- 
structure” displays, for the whole period was 58 to 42. Although no case 
of a flaming aurora was seen, displays exhibiting a corona-structure were 
frequently seen. Again these were most in evidence toward the end of 
winter. 

A tendency for a progressive change to occur through the six-month 
period was found in the following features: (a) Mean intensity of display 
was greatest in April and decreased to September; (6) auroral frequency 
was greatest in April and decreased to September; (c) proportion of dis¬ 
plays seen at high latitudes was least in April and increased to September; 

( d ) proportion of displays in the west sky, though smaller at all times 
than proportion in the east, was greater in September than any other month; 

(e) proportion of displays exhibiting ray-structure and corona-structure 
increased from April to September. 

The discussion of relation between intensity and altitude of displays 
indicated that east of Little America there were two auroral belts with 
a narrow zone of low auroral intensity between. Assuming a height of 
100 km. for an auroral display, this low-intensity zone was some 17° from 
the south pole of the axis of the Earth’s uniform magnetic field, which is 
about 15?5 from Little America in a direction approximately southwest. 
The greatest number of displays was seen in the east sky between north 
and southeast and the least between west and southwest. The direction 
of arches was usually transverse to the east-west direction, that is, approxi¬ 
mately normal to the directions toward the magnetic poles. Arches were 
most frequently seen northeast to southeast, north to southeast, and north¬ 
west to southeast. Color was associated with increased intensity of display. 

The maximum of auroral activity occurred between 2 and 3 hours local 
time, with a lesser peak at 18 hours, at which time the mean intensity of 
display was greatest. Auroral frequency showed a maximum value at 3 
hours, a minimum at 22 hours. For the day horns, for which data are 
less, there were indicated maxima at 10 and 15 hours and minima at 7 and 
12 hours. The late afternoon and early evening hours were marked by 
fairly bright, usually quiet displays in the east sky with little activity 
overhead or in the west. After 22 hours aurora was seen much more 
frequently in the west sky though at all hours displays in the east were 

1 Presented before the Philosophical Society of Washington, February 28, 1931, 
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more numerous. Displays exhibiting ray and corona structure were much 
more numerous during the morning than the evening. 

A period of from 26 to 30 days was found in auroral character-curve, 
corresponding to the period of rotation of the Sun. A short period of from 
four to six days was also noted. Auroral character maxima were found to 
occur on the same day as maxima in the international magnetic character- 
curve on 13 occasions, followed in one day on 12 occasions, and followed in 
two days on 5 occasions. Twice auroral maximum preceded a magnetic 
maximum by one day and once by two days. 

Bemacchi’s suggestion, based on the Scott Expedition of 1902-03, that 
the month of May indicated lower auroral occurrence than April, was 
investigated by plotting the records of nine winters’ auroral observations 
of various previous expeditions as monthly percentages of the total number 
of days on which auroras were seen during the year. Significantly eight 
out of the nine showed a higher proportion in April than May and an 
increase after May. The 1929 data show a higher value in April than 
May with an increase in July. 

Correlation-coefficient for various measures of magnetic activity. C. R. Duvall. 

The investigation of additional correlation-coefficients for various 
measures of magnetic activity based on data from the Watheroo, Huancayo, 
Eskdalemuir, and Cheltenham observatories for March 1927 through com¬ 
parison of the 31 daily values are summarized below. In the summary 
the several measures are indicated as follows: 2, sum for the day of 
ordinate changes of the three rectangular components as determined by 
the D.T.M. ordinate-integrator (see last year’s report, pp. 296 and 307); 
R, square-root of the sum of the squares of ordinate changes for the day 
of the three rectangular components; SrVlOOy 2 , where r 2 is the sum of 
squares of ranges of the three rectangular components; inter-horal varia¬ 
bility is a sum of hourly differences for the day of the three rectangular 
components; ( HRg-\-ZR z ) involves the absolute values of H and Z and of 
their ranges R a and Rz) (XRx-hYRy-i-ZRz) is made up of the summa¬ 
tion of the products of the rectangular components into their respective 
ranges; Int. char .-Nos., International magnetic character-numbers as pub¬ 
lished by the International Commission of Terrestrial Magnetism and 
Atmospheric Electricity. 
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The correlation between the 2 curves at Watheroo and at Huancayo for 
one of the most disturbed days, March 16,1927, was 0.74, the hourly values 
of 2 corrected for diurnal variation being used. 

With reference to the D.T.M. ordinate change integrator used for the 
activity measure R, a series of tests subsequent to those reported to the 
Stockholm Assembly (Comptes Rendus, pp. 275-280) indicates that the 
error in an ordinate-change sum, due to the instrument itself, is probably 
less than half of one per cent and the error in measuring the trace of the 
magnetic curve is probably not more than one per cent for definite, clear- 
cut curves. 

Isomagnetic charts of the arctic area. 1 Harlan W. Fisk. Pub. Nation. Res. Council, 
Trans. Amer. Geophys. Union, 12th annual meeting, 134-139 (June 1931). 

The activity in arctic research promised for the current and the coming 
years justified a .serious effort to compile magnetic charts of the Arctic 
Ocean and the adjacent lands which should embody all available data 
regarding magnetic distribution over that interesting but little-known part 
of the Earth’s surface. 

All available sources of information were examined, but in general only 
the results of observations made during the present century were utilized. 
Sources which were especially useful may be mentioned specifically: Results 
of Cruise III and Cruise VII of the Carnegie; magnetic charts of Alaska, 
copies of which were supplied in advance of publication by courtesy of 
the Director of the United States Coast and Geodetic Survey; isomagnetic 
charts of Canada, prepared by the Topographical Survey of Canada; 
catalog of magnetic determinations made in U.S.S.R. and adjacent coun¬ 
tries from 1556 to 1926, prepared by Boris Weinberg; magnetic charts of 
Sweden by Lungdahl; declination chart of European U.S.S.R. by Rose; 
and the Department’s unpublished collection of arctic data by Peters. 

It was to be expected that compilers should be in disagreement regarding 
the rate of Becular variation in regions where so little is well established 
by actual observation regarding that phenomenon, and therefore it is 
natural that a combination in a single chart of their various versions should 
necessitate compromises at many points. The nature of the material did 
not warrant any attempt to make a mathematical adjustment of the 
data, and accordingly the charts were prepared graphically. 

Five charts were made, namely, lines of equal declination, magnetic 
meridians, lines of equal inclination, lines of equal horizontal intensity, 
and lines of equal total intensity. Conditions for the preparation of a 
chart of lines of equal declination are peculiarly difficult in the area between 
and near the magnetic and geographic poles. Declination by definition is 
the angle at the given place between the magnetic and geographic meridians; 
all isogonics must pass through both poles, and as a consequence an isogonic 
chart has limited usefulness in the region near either pole and particularly 
between them. To offset in a measure this disadvantage a chart of mag¬ 
netic meridians was prepared. The advantage of such a chart lies Jn 
the fact that the direction of the field (the compass direction) at any 
point is perfectly definite and independent of the artificial convention of 
geographic meridians which change their directions rapidly in the vicinity 
of the geographic pole. 

1 Presented at the meeting of the Section of Terrestrial Magnetism and Electricity of 
the American Geophysical Union, Washington, April 30, 1931. 
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The magnetic elements usually published as results of observations are 
the decimation, the inclination, and the horizontal component of the intens¬ 
ity. In regions near the magnetic poles, however, the horizontal component 
is feeble and difficult to define, so that the total intensity is a more useful 
practical magnitude to measure and employ in investigations. It was 
found, however, that in order to prepare a chart of total intensity it was 
quite impracticable to make use of smoothed quantities scaled from charts 
of inclination and horizontal intensity compiled directly from observed 
data, since the errors inevitable in the smoothing processes became magni¬ 
fied to unmanageable proportions in the computation of total force by the 
equation F — H sec I, since near the magnetic pole H approaches zero 
and sec I approaches infinity. It was therefore necessary to compute 
values of F independently for every point for which the observed values 
were available and construct the chart from them. After the construction 
of the F-chart it was necessary to redraw the //-chart and the /-chart 
in order that the three related elements might be mutually consistent 
throughout. 

Magnetic secular variation and solar activity. Harlan W. Fisk. 

In this paper (prepared for the third report—1931—of the Committee 
on Solar and Terrestrial Relationships of the International Research 
Council) an effort has been made to correlate the irregular fluctuations of 
the annual mean value of horizontal intensity and the resulting apparent 
rates of annual change derived from many magnetic observatories, with each 
other and with the periodicity of solar activity as evidenced by the rela¬ 
tive sunspot-numbers. The consecutive annual values (with a few minor 
exceptions) are now available from many observatories for the years 1903 
to 1927, the results of 25 of which were subjected to analysis. Irregulari¬ 
ties arising from change of location or management or from other causes 
not fully explained made it necessary to restrict the comparison mainly to 
17, but these represent a distribution which covers the entire Earth fairly 
well. 

The irregularities in the rate obtained from year-to-year differences of 
annual mean values are known to be due in part at least to the subnormal 
value of H immediately after a severe magnetic disturbance and continuing 
for some days. An attempt has been made by some observatories to 
minimize this effect by deriving the annual mean from 10 days selected 
from each month, avoiding in the selection those most depressed. That 
but a small part of the irregularity is thus eliminated is shown by deriving 
annual rates from all days and from the group of selected days. The 
difference, (Q-A), between the annual means from quiet days and from 
all days is always positive, and increases in magnitude with the relative 
sunspot-numbers. 

The apparent annual change in the value of horizontal intensity is far 
from constant when considered, as in this discussion, for a period of 25 
years. Added to whatever effect may arise from a slow change in the 
direction of the magnetic axis or in the magnetic moment of the Earth, 
there are regional effects which certainly alter their character greatly in 
periods as short as the 30 years or less during which accurate observations 
are available, and superimposed on these are others connected with the 
external field and its alterations with varying degrees of solar activity. 
No method is known by which these various effects may be separated, so 
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it is necessary to assume that effects of solar origin are of shorter period 
than the changes in the permanent field or those arising from internal 
changes of the Earth’s structure affecting limited regions only. The slower 
changes may be represented by a smooth curve derived by use of a suitable 
formula when the residuals will represent the shorter-period effects which 
may be attributed to solar influence. The formula found most suitable 
for the purpose was 

H—H 0 -\-r(T— Tol+oiSin 0-h»sBin 20-j-«»sin 3 0 

in which r is an assumed uniform rate over the interval of 24 years 1903.5 
to 1927.5 and 8= (ir/24) (T—1903.5). A figure in the text shows that the 
departures from the computed rates of 10 observatories are substantially 
identical in phase but differ largely in amplitude. A part of this difference 
is to be ascribed to difference of magnetic latitude, but other portions are 
apparently connected with geographic latitude and with regional changes 
not eliminated in the smoothing process. In order to bring out clearly the 
similarity of phase, the minor differences which occur in successive years 
were smoothed from the rates by combining successive values of rates from 
year-to-year differences. In following graphs residual values of H (ob¬ 
served-computed) are plotted without smoothing for the sake of a better 
comparison with other measures of magnetic activity and with the annual 
relative sunspot-numbers. The agreement among the departure curves 
for the 17 observatories represented was very close, even for minor irregu¬ 
larities affecting single years. Magnetic activity was represented also by 
curves showing changes in the annual magnetic character-numbers, the 
varying differences between annual means from quiet days only and from 
all days, and the mean interdiumal variability for each year as defined by 
Bartels. When comparison was made with the relative sunspot-numbers 
(Wolfer) the correlation was such as to show an unmistakable connection, 
though disagreements in some years common to most of the observatories 
suggest an activity not indicated by the sunspot-number criterion. Two 
tables are appended which summarize the geographic positions and the 
magnetic characteristics of 25 observatories and the solar and magnetic 
data for the years 1901 to 1927 which appear in the figures. From the 
discussion it is concluded that the fluctuations in the apparent rate of 
change of horizontal intensity are world-wide in extent—varying in degree 
with the geographic and magnetic latitude, that regional changes may have 
accelerations which may reinforce or interfere with effects connected with 
the sunspot-cycle, and that there may be other periods in the depar¬ 
ture-curve not definable from a series of the length of the one under 
consideration. 

Reports of geomagnetic and electric work of organizations and individual investigators 
in the United States, 1930-1931. Harlan W. Fisk. Pub. Nation. Res. 
Council, Trans. Amer. Geophys. Union, 12th annual meeting, 109-111 (June 
1931). 

Comments on determination of diurnal variation of magnetic intensity and declination 
by oscillation-observations with field-instruments and on recent magnetic 
observations in South and Southwest Africa. Harlan W. Fisk. 

A critical examination is made of the points raised by E. N. Grindley 
in favor of determining declination and horizontal intensity throughout 
the day by means of successive sets of oscillations, and of the objections 
made to the method adopted in the Department of Terrestrial Magnetism 
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by means of successively observed deflections. Lacking a suitable regis¬ 
tering instrument which can be easily transported, quickly set up, and 
easily and accurately controlled, it is necessary to rely upon field instru¬ 
ments for supplementary knowledge of diurnal variation in locations remote 
from any magnetic observatory. Both the methods under discussion have 
merits, and under satisfactory conditions and given the value of the moment, 
m, of the magnet used it should be as easy to obtain a value of horizontal 
intensity H, from mH (by oscillations) as from H/m (by deflections). 
In practice, however, it has been found that the chance of a systematic 
error is greater in the method of oscillations than in that of deflections. 
Some of the reasons why this is so are discussed. 

An examination is also made of some of Grindley’s reported difficulties 
in deriving satisfactory corrections for diurnal variation by which to correct 
his field observations in southern Africa to a mean value. The absence of 
magnetic observatories in that entire region makes it necessary to rely 
upon theoretical variation curves and such partial results as may be derived 
from observations in the field. The difficulty is unusually great at stations 
near the southern end of the continent because that region lies in the belt 
of inversion, that is, at about the latitude where the midday maximum in 
the curves of horizontal intensity (or the north component) and of the 
inclination is replaced by a minimum, so that the sign of the correction to 
the mean of day at any hour changes with a small change in latitude and, 
at a given place, changes also with the season of the year. The deter¬ 
mination of the character of the diurnal-variation curves at a few localities 
verify the supposition that this inversion-belt lies in lower geographic lati¬ 
tudes in South Africa than in South America, though the number and 
completeness of the determinations are insufficient for a satisfactory dis¬ 
cussion of it. The manner in which these inversions of phase are related 
to geographic latitude is shown in a series of diagrams by Bartels based 
on the harmonic analysis of Chapman, but this discussion seems to place 
the region where it is to be expected south of the area covered by Grindley’s 
work. The importance of establishing an observatory or station for fre¬ 
quent observations of these variations is emphasized by Grindley’s experi¬ 
ence and by his difficulty in arriving at satisfactory diurnal-variation 
corrections on the basis of scattered observations made at different seasons 
of the year. The small number of observatories in the southern hemisphere 
makes a safe determination of the expected average range open to ques¬ 
tion; for the present, dependence on field-observations to supplement the 
theoretical determinations is necessary. 

Field- and laboratory-investigations of the Carnegie Institution of Washington. 1 J. A. 

Fleming. Pub. Nation. Res. Council, Trans. Amer. Geophys. Union, 12th 
annual meeting, 95-100 (June 1931). 

This paper summarizes the laboratory investigations of the Department 
of Terrestrial Magnetism, listihg them under the following headings: 
Magnetic disturbances and diurnal variation, magnetic secular variation, 
atmospheric electricity, earth-currents, auroras, improvements to effect 
more economical compilations of data for discussion, upper-air research, 
and atomic physics. In a section devoted to field-work, progress and results 
are discussed for the Department’s observatories at Watheroo and at 

1 Presented at the meeting of the Section of Terrestrial Magnetism and Electricity of 
the American Geophysical Union, Washington, April 30, 1931. 
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Huancayo and in its program of cooperation with the observatories at 
Tucson (Arizona), Apia (Samoa), and College (Alaska). Under this sec¬ 
tion are summarized also the cooperative work in extending the mapietic 
survey and in developing* apparatus for field-work. A third section is 
devoted to publications under the sub-headings of observatory, instruments, 
polar charts and papers published. 

Researches in the Department of Terrestrial Magnetism of the Carnegie Institution of 
Washington bearing on solar activity and the Earth’s magnetic and electric 
fields. J. A. Fleming. 

This communication was prepared for the third report of the Commission 
to Further the Study of Solar and Terrestrial Relationships of the Inter¬ 
national Research Council. It summarizes those investigations by members 
of the staff of the Department of Terrestrial Magnetism bearing on the 
relation of solar activity to the Earth’s magnetic and electric activities. 
Among these are the progress of the application of stereographic projection 
to the analysis and investigation of magnetic disturbances, the examination 
of geographical distribution of magnetic disturbances, the development of 
photographic means of changing the ratio of ordinate-scale to abscissa-scale 
in photographic records for producing true copies on like scales to facili¬ 
tate investigations, more effective measures of magnetic activity, and the 
question of immediate connection between existence of sunspots and mag¬ 
netic disturbance. In the field of terrestrial electricity, the investigations 
reported upon include characteristics of earth-currents and their seasonal 
variations, the principal universal-time 24-hour wave in the atmospheric 
potential gradient and its variation with season, and the investigation of 
the diurnal variation of the atmospheric potential-gradient over the oceans. 
Several researches involving possible relations between radio transmitting 
and receiving conditions and magnetic and electric activities are also 
summarized. 

Progress-report on compilation of oceanographic results, Carnegie cruise 1928-1929. 1 

J. A. Fleming. Pub. Nation. Res. Council, Trans. Amer. Geophys. Union, 
12th annual meeting, 160-167 (June 1931). 

This progress-report summarizes in some detail the work done in the 
compilations and discussions of the oceanographic results obtained during 
the Carnegie cruise 1928-29. The matter is discussed under the subheadings 
of physical oceanography, chemical oceanography, bottom-samples, bio¬ 
logical samples, and papers published. Specimen copies of the many graphs 
and charts and of the form of tabulation in which the physical and chemical 
data and results of dynamic computations are to be presented in the volume 
devoted to this work are included. 

Summary of year’s work, Department of Terrestrial Magnetism, Carhegie Institution. 
J. A. Fleming. Terr. Mag., vol. 36, 231-236 (December 1930). 

The outstanding features of the work done by the Department of Ter¬ 
restrial Magnetism in the year ended June 30,1930, are briefly summarized 
as given in detail in the Department’s annual report. 

Magnetic constants of the Earth. J. A. Fleming. 

This communication summarizes the magnetic constants of the Earth 
including the results of latest theoretical investigations as to its magnetic 

x Presented at the meeting of the Section of Oceanography of the American Geophysical 
Union, Washington, April 30, 1931. 
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moment. World secular-variation data are shown by isoporic charts and 
by tabulations of values at five-year intervals since 1900 for the magnetic 
observatories of the world. This matter was prepared upon request for 
the next revised edition of the Smithsonian Physical Tables. 


The eighth award of the American Association prize. J. A. Fleming. Sci. Mon., vol. 32, 
187-189 (February 1931). 

This communication gives briefly a summary of the high-voltage investi¬ 
gations leading to the communication presented at the Cleveland meeting 
of the American Association for the Advancement of Science in December 
1930 for which Messrs. Tuve, Hafstad and Dahl were awarded the eighth 
annual American Association prize. 

I 

International Geodetic and Geophysical Union. J. A. Fleming. Standards Year Book, 
1931. Dept. Comm., Bur. Stan. Misc. Pub. No. 119, 54-60 (1931). 

American Geophysical Union. J. A. Fleming. Standards Year Book, 1931. Dept. Comm., 
Bur. Stan. Misc. Pub. No. 119, 60-63 (1931). 

These two notes summarize for the year 1930 the actions and publications 
of the International Union of Geodesy and Geophysics and of its branch 
in the United States, the American Geophysical Union, with particular 
reference to their bearings on standards and nomenclature. 


Preliminary report on terrestrial magnetism and electricity at the Stockholm meeting. 
J. A. Fleming. Terr. Mag., vol. 35, 209-212 (December 1930). 

Proceedings of the Section of Terrestrial Magnetism and Electricity at the meeting held 
in Stockholm, August 15-23, 1930. 1 J. A. Fleming. (Abstract) J. Wash. 
Acad. Sci., vol. 21, 90-92 (March 4, 1931). 

The above papers summarize the proceedings and resolutions adopted 
at the Stockholm Assembly in August 1930 of the Section of Terrestrial 
Magnetism and Electricity of the International Union of Geodesy and 
Geophysics. 


Report of activities of the International Union of Geodesy and Geophysics.* J. A. 
Fleming. 

Transactions of the American Geophysical Union, twelfth annual meeting, April 30 and 
May 1, 1931. J. A. Fleming, Editor. Pub. Nation. Res. Council, 229 pages 
(June 1931). 

Twelfth annual meeting of the American Geophysical Union. J. A. Fleming. Science, 
vol. 73, 705-707 (June 26, 1931). 

The transactions of the twelfth general assembly of the American Geo¬ 
physical Union served to emphasize the increasing interest in geophysics 
in the United States. This assembly was especially noteworthy because 
of the large number of progress-reports bearing on the fields of each of 
the seven sections from all parts of the country and from the corresponding 
national organizations in Canada and in Mexico. 

The second paper summarizes briefly the above volume of transactions 
and quotes the resolutions adopted at the assembly bearing on national 
and international matters. 

1 Presented before the Philosophical Society of Washington, November 8, 1930. 

* Presented at the meeting of the Division of Foreign Relations of the National 
Research Council, Washington, April 26, 1931. 
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A short report on the Stockholm Assembly and on proposed geophysical work in polar 
regions. 1 J. A. Fleming. Pub. Nation. Res. Council, Trans. Amer. Geophys. 
Union, 12th annual meeting, 10-12 (June 1931). 

Regarding the history, purpose, object, and need o! the Second Polar Year program. 
J. A. Fleming. 

The proposed International Polar Year 1932-33.* J. A. Fleming. 

Resolutions passed by the Polar Year Commission of the International Meteorological 
Committee at Leningrad, August 1930. J. A. Fleming and W. J. Peters. 
Terr. Mag., vol. 35, 245-248 (December 1930). Reprinted in Mon. Weath. 
Rev., vol. 59, 17-18 (January 1931). 

Besides the short report on the Stockholm assembly, the Wilkins-EUs- 
worth Trans-Arctic Submarine Expedition, and the first arctic expedition 
of Aeroarctic scheduled for July in the first of these papers, their matter 
relates particularly to the plans and program for the International Jubilee 
Polar Year of 1932-33 sponsored by the International Meteorological Or¬ 
ganization and placed by it in the hands of its International Commission 
for the Polar Year 1932-33. 

The scientific expectations of the Wilkins-Ellsworth Trans.-Arctic Submarine Expedition. 
J. A. Fleming. 

This paper was prepared for the press and gives an account of the possi¬ 
bilities of pure research in investigations of the physics of the Earth which 
would be forwarded by the successful utilization of a submarine under the 
ice in the Arctic Sea along lines proposed by Sir Hubert Wilkins. In the 
order of their promise, the possibilities are discussed as regards oceanog¬ 
raphy, terrestrial magnetism, gravity-determinations and meteorology. 

Work of the Norwegian* and Sir Hubert Wilkins. J. A. Fleming. Rep. Comm. Sub¬ 
marine Configuration and Oceanic Circulation, Nation. Res. Council, 74 
(1930). 

Work of the Carnegie . J. A. Fleming. Rep. Comm. Submarine Configuration and Oceanic 
Circulation, Nation. Res. Council, 75-85 (1930). 

Oceanographic work of the Byrd Antarctic Expedition. J. A. Fleming. Rep. Comm. 

Submarine Configuration and Oceanic Circulation, Nation. Res. Council* 
121-123 (1930). 

Latest annual values of the magnetic elements at observatories. J. A. Fleming. Terr. 
Mag., vol. 35, 165-177 (September 1930). 

This compilation, besides giving the latest annual values of the magnetic 
elements at the observatories of the world, also gives for the purpose of a 
general view of secular variation the values for each five years beginning 
with the year 1900. The tabulation brings out strikingly the uneven dis¬ 
tribution of magnetic observatories. In particular, the lack of observatories 
in the southern hemisphere, especially in Africa and in the oceanic areas, is 
emphasized. While there are about 72 active observatories (of which 12 
observe declination only), only about one-seventh are in the southern 
hemisphere. 

On the distribution of permanent repeat-stations. J. A. Fleming and H. W. Fisk. Za. 
Geophysik, vol. 7, 74-80 (1931). 

The problem of magnetic secular variation, perhaps more than any other 
of the many geophysical questions of great interest, demands international 

1 Presented at the General Assembly of the American Geophysical Union, Washington, 
May 1, 1931. 

* Presented at the annual meeting of the Division of Geology and Geography of the 
National Research Council, Washington, April 25, 1931. 
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cooperation. The ever-changing lines of magnetic force which move about 
on the surface of the Earth take no account of national boundaries, and 

are not retarded by obstacles which set limits to the areas traversed by 

the observer who seeks to make a record of those movements. Only a 
minor fraction of the Earth’s surface is occupied by nations possessing 
sufficient ly broad scientific interest in the subject, combined with such an 
abundance of material resources, as makes it possible to establish mag¬ 
netic observatories and conduct systematic surveys at stated intervals. 
The interest of other nations needs the stimulation which will come with 
a better understanding of the close relation between magnetic manifesta¬ 
tions and other terrestrial forces, and it is gratifying to record that signs 
of growing interest are appearing in many places. At the present time, 
and probably for many years to come, the assistance of those best able 
to offer it will be required to collect the data from those other great areas 
of both land and sea which a satisfactory discussion of secular-variation 
demands. In order that there may be no unwise expenditure of effort or 
money in duplication of surveys, or in working in regions where the need 
is less, to the neglect of other regions where the requirements are much 
greater, there should be a plan of cooperation agreed to and respected 
internationally. 

By considering the isoporic charts for the several magnetic elements 
together with the positions already listed as repeat-stations, and by adding 
other localities which might without undue difficulty be used as such, the 
authors have drawn up a suggested list of stations for systematic reoccu¬ 
pation so distributed as to cover the Earth with a reasonably complete net. 
These are shown on a world chart and are offered as a basis for considering 
some plan of international cooperation which shall insure the reoccupation 
at regular intervals of a sufficient number of stations all over the globe to 
supply the necessary data regarding the Becular change in the Earth's 
magnetism. 

On anomalous earth-currents in mountain-regions. O. H. Gish. 

That the flow of earth-currents will be distorted in mountain regions is 
commonly recognized, and though quantitative estimates in any particular 
case are likely to be difficult it is usually possible to find satisfactory quali¬ 
tative explanations of anomalies which are associated with the topography 
and geological structure of a region. 

An exception to this is that group of observations which has been taken 
to indicate that electric currents in the Earth’s crust generally flow from 
the base toward the summit of a mountain. That this is not a chance 
occurrence is shown most convincingly by the observations of Viktor 
Obergugenberger (Wien, Ber. Mathem.-naturw. Klasse Ila, vol. 135, 99-116, 
1926). The possibility that currents as large as those indicated by the 
observational data can be discharged to the atmosphere is excluded by 
measurements of the electric state of the atmosphere on mountain peaks. 
It is, of course, conceivable that the circuit is completed down through the 
center of the mountain. If so, the problem then becomes that of providing 
a working mechanism for such a system of currents. The writer has long 
held a view which may involve this type of system, although an actual 
current-flow is not essential and is probably non-existent in the phenomena 
considered here. The principal postulate involved is that on mountain 
slopes the constitution of the soil solutions varies as a function of altitude. 
Although there seemed to be good reason for justifying this postulate, 
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yet until recently no data in support of it were at hand. Stanley A. Cain 
(Botanical Gazette, vol. 91, 22-41, March 1931) now reports that the 
“active acidity” of soil increases with altitude. Thus when two similar 
electrodes are placed in soil at different levels on a mountain side, the 
combination is equivalent to a primary cell. Before the electrodes are 
joined by an external conductor, current may or may not flow. The direc¬ 
tion of flow in the earth near the surface would, however, be opposite to 
that in the conductor, hence down the mountainside in the earth when 
a current flows upward in the conductor. Cain published coefficients of 
hydrogen-ion concentration (pH values) and corresponding altitudes, from 
which one can readily estimate the difference in potential which may be 
found between two hydrogen-electrodes placed in soil at different altitudes 
on a mountainside. This is 80 millivolts per kilometer change in altitude, 
which is about one-fifth the value which Obergugenberger has derived from 
his observed data. The variation with altitude in the constitution of soil 
, solutions is doubtless affected by all the factors which determine the rate 
of leeching as well as by geological structure, so that values considerably 
greater than that computed from Cain's data may be expected in some 
regions. Conjoint observations of both earth-potentials and the hydrogen- 
ion concentration in the soil on mountainsides should be made in order to 
obtain a more conclusive test of these views. 

The natural electric currents in the Earth's crust. 0. H. Gish. Sci. Mon., vol. 32, 
5-21 (1931). 

An abstract of this paper is given on page 302 of the annual report for 
1929-30. 

Significance of geoelectric data from the polar regions. 1 0. H. Gish. Pub. Nation. 

Res. Council, Trans. Amer. Geophys. Union, 12th annual meeting, 140-142 
(June 1931). 

The significance of geoelectric data from polar regions is discussed with 
a view to determining the claims which atmospheric electricity and earth- 
currents may have to a place on the program of polar stations during the 
second International Polar Year. After a review of available evidence 
regarding relationships between the phenomena of both terrestrial mag¬ 
netism and polar lights and those of atmospheric electricity, it is concluded 
that while these relationships, which are far from being established as yet, 
should be kept in mind in connection with any atmospheric-electric work 
in the polar regions, yet the claim of atmospheric electricity to a place 
on the program of the International Polar Year seems to rest principally 
upon the worth of such work in the solution of the problems of atmospheric 
electricity and upon the fact that the more extensive meteorological data 
obtained at the same time will be a great aid in the elucidation of the elec¬ 
tric phenomena. Two specific problems the solution of which should be 
furthered by such data are: (a) The character of variation, if any, of the 
potential gradient with latitude, and (b) the character of the annual 
variation both in the mean gradient and in its diurnal variation. 

With regard to earth-currents, it is concluded that registrations at some 
Polar Year stations may be urged not alone on the claim which this may 
have as a world-wide phenomenon, but also because of the intimate rela¬ 
tionship which exists between earth-currents and the changes in the Earth’s 
magnetism. Simultaneous measurements of the variations in the earth- 

1 Presented at the meeting of the Section of Terrestrial Magnetism and Electricity of 
the American Geophysical Union, Washington, April 30, 1931. 
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currents and those in the Earth’s magnetic field at a number of stations, 
including some polar stations, should provide a basis for deductions of 
broad significance to the theory of these variations and regarding the 
structure of the Earth. Several specific problems are mentioned whose 
solution should be furthered if earth-current data are obtained at several 
polar stations during the International Jubilee Polar Year 1932-1933. 

Suggestions for earth-current observations during the International Jubilee Polar Year. 

0. H. Gish. 

This communication to the International Commission for the Polar Year 
1932-33 was designed to stimulate interest in earth-current registration in 
the polar regions during the second Polar Year and to suggest such features 
of method and equipment as experience in the Department of Terrestrial 
Magnetism with such work indicates would be likely to make for success 
in measurements at polar stations. It is pointed out that registrations suit¬ 
able for determining the characteristics of diurnal variation in earth- 
currents are-more difficult to obtain than such as would serve for studies of 
shorter-period variations, especially those which occur in conjunction with 
magnetic storms. The latter, however, are of such great importance that 
earth-current registrations are urged even though it may not be possible 
to meet the conditions required for determining the characteristics of the 
diurnal variation. The following topics are discussed: Selection of site, 
arrangement of lines, electrodes, galvanometers, calibration, and sensitivity 
control. 

Results of continuous registration of air-conductivity at sea. 0. H. Gish and W. C. 

Parkinson. 

Continuous registration of air conductivity on the Carnegie at sea from 
September 4 to November 29,1929, provided data suitable for the investi¬ 
gation of diurnal variation on 57 days, 29 of these being for positive and 
28 for negative conductivity, and the mean value for positive and negative, 
respectively, being 1.11X10 -4 and 0.87X10 -4 E.S.U. A small but definite 
diurnal variation was manifest in the positive conductivity data with 
maximum at 13 h to 19 h and minimum at 0* G.M.T., the range in the hourly 
means being 14 per cent. The negative conductivity showed no definite 
diurnal variation, and the range amounted to only 8 per cent of the mean 
of day. About half of the diurnal variation in the positive conductivity, 
could be attributable to a temperature effect in the recorder. This would, 
however, require that the negative conductivity undergo a diurnal variation 
which is inverse to that in the positive, and that the total conductivity 
undergo no diurnal variation. 

Results of earth-current observations at the Huancayo Magnetic Observatory, 1927-1929. 

0. H. Gish and W. J. Rooney. Terr. Mag., vol. 35, 213-224 (December 1930). 

The apparatus and equipment used and the natural features concerned 
with the measurement of earth-current gradients at the Huancayo Mag¬ 
netic Observatory of the Department of Terrestrial Magnetism in Peru are 
described. A dual system of electrodes is installed and the potential- 
differences are registered by a recording potentiometer. Although the 
region embraced by the measuring system is fairly flat, yet evidence is 
found which indicates that the general northwesterly direction of water 
courses and mountain ridges here doubtless influences the direction of the 
electric currents. 
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The character of the diurnal variation, as derived from records for all 
complete days, is exhibited by means of charts and tables and the Fourier 
coefficients of the diurnal-variation data are given for the three-year means, 
for the means of individual years, and for the three-year means grouped 
by months. The mean diurnal range of the northward component is 2.83 
mv/km. The maximum occurs at 9“, the minimum at 15 h , and the ampli¬ 
tudes during the hours of darkness are relatively small. The same descrip¬ 
tion applies to the component at right-angles to this, if values are con¬ 
sidered positive for currents flowing westward, except that the mean range 
(3.26 mv/km.) is somewhat greater. The direction of the current is north¬ 
westward from 2^5 to 12-5 and southeastward the remainder of the 24-hour 
period. The times of the daily maximum and minimum are constant 
throughout the year, which is contrary to the findings at Berlin, Ebro, and 
Watheroo. However, in general agreement with the results at these other 
places, the mean diurnal range changes with season, a principal minimum 
(northward 1.89 mv/km. and eastward 2.18 mv/km.) occurring in June 
and maxima (northward 3.50 mv/km. and eastward 4.00 mv/km.) in March 
and October. 

Disturbances (variations of relatively short and irregular period and 
having amplitudes considerably greater, in the average, than those of tlje 
diurnal variation) predominate during the daylight hours. 

Earth-current observations on long lines in southern Arizona. O. H. Gish, W. J. Rooney 
and A. K. Ludy. 

A cooperative project for the measurement of earth-currents in southern 
Arizona has been undertaken by the Department of Terrestrial Magnetism, 
the United States Coast and Geodetic Survey, the American Telephone and 
Telegraph Company, and the Mountain States Telephone and Telegraph 
Company. Registration of earth-current potentials was begun in March 
1931, and will be continued for a year or more. Two lines are used, one 
from Tucson to Mammoth, a distance of 56.8 km. in a direction 19° 33' 
east of north, and the other from Tucson to Wilcox, 93.9 km. long and 
0° 29' north of east in direction. The electrodes are buried grids of lead 
wire similar to those in use at Huancayo. 1 The measuring apparatus, 
located in the atmospheric-electric building (similar to the design used by 
the Department of Terrestrial Magnetism at its observatories) of the 
Tucson Magnetic Observatory, consists of two Leeds and Northrup port¬ 
able “lamp-and-scale” type galvanometers used with a single-filament lamp 
and drum-recorder. The current sensitivity of the galvanometers, about 
2.5X10 -8 ampere per millimeter deflection on the drum (about one meter 
distant), is such as to permit the use of high resistances (1.5 megohms) 
in series with them. Thus the total resistances of the measuring circuits 
are not appreciably affected by minor variations in line resistance or con¬ 
tact resistance at the electrodes, the entire resistance of the external cir¬ 
cuit being less than 1000 ohms for either line. Connections between the 
recording apparatus and electrodes are made over telephone lines of the 
Mountain States Telephone and Telegraph Company, which are all the 
overhead open-wire type except for a mile or two in the city of Tucson 
where underground cables are used. 

The Tucson electrode is on the grounds of the Tucson Magnetic Ob¬ 
servatory, which is situated near the east side of the broad valley of the 
Santa Cruz River, latitude 32° 15' north, longitude 110° 51' west, elevation 

‘Terr. Mag., vol. 36, 213-224 (December 1930). 
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above sea-level about 770 meters (2525 feet). The elevation at Mammoth 
is approximately 720 meters (2350 feet), while Wilcox lies to the east 
toward the continental divide at an elevation of 1275 meters (4170 feet). 
Between Tucson and Mammoth are the Santa Catalina Mountains, the 
highest peak of which, Mount Lemmon, rises to 2800 meters (9150 feet). 
The region between Tucson and Wilcox is also generally mountainous, the 
Rincon and Tanque Verde ranges lying not far off the direct line between 
the two points. 

Records so far obtained show a very close correlation between magnetic 
and earth-current disturbances. They give no indication of the existence 
of an appreciable constant component of earth-current. The chief char¬ 
acteristics of the diurnal variation as derived from the records for the 
period from March 20 to May 31 are as follows, (o) A general restriction 
of current flow to a direction 20° to 30° west of south to east of north or 
the reverse. The magnetic declination at Tucson is about 14° east. Hence 
a similar inclination of the current-axis might be expected. Some experi¬ 
ments with short lines in the valley near the Observatory (see following 
abstract) indicate that the direction of current-flow and the magnitude of 
the recorded gradients are greatly influenced by the presence of the mountain 
ranges and the inhomogeneity of the region, (b) A principal maximum 
(current-flow toward north and east) at 7^5, a secondary maximum at 
approximately 17 h , and a single and predominant minimum (flow south 
and west) shortly before noon are found in the curves for both components. 
The agreement in appearance of the curve for the northward component 
with those obtained at Watheroo is striking when the direction of one or 
the other is reversed to allow for their positions on opposite sides of the 
equator, (c) A steady increase in the mean diurnal range occurred on 
both components during the period covered, which, it will be noted, starts 
at the vernal equinox and extends well toward the summer solstice. The 
range for the northward component was approximately 3.5 mv/km. for the 
last ten days in March, 5.7 mv/km. for the month of April, and 8.7 mv/km. 
during the last ten days in May. A proportionate increase is found in the 
mean range of the smaller eastward component. This is a distinct depar¬ 
ture from the general trend of range variation with season as recorded at 
other stations, the maximum daily range occurring at the equinox 1 at 
Watheroo, Ebro, Huancayo, Berlin and Greenwich, and is a feature prob¬ 
ably connected with the position of Tucson in the transition belt for type 
of diurnal variation in magnetic dip and intensity. It is a matter of some 
interest that Watheroo does not show such a change, although the geo¬ 
graphic as well as the magnetic latitude of that station is nearly the same 
as that of Tucson. 

Measurements of earth-currents on short lines in the Santa Cruz valley near Tucson f 
Arizona, in comparison with records from long lines extending into the 
adjacent mountains. O. H. Gish and W. J. Rooney. 

To check the records obtained from the Tucson-Mammoth-Wilcox earth- 
current installation (see preceding abstract) and investigate the effect of 
the topographical irregularities of the region it covers, a temporary short¬ 
line system was set up entirely within the Santa Cruz valley, where the 
structure is quite uniform, and operated in place of the long lines during 
the first half of May 1931. The same recording apparatus and the common 
electrode oT the long-line system, located on the grounds of the Tucson. 

1 Terr. Mag., vol. 33, 79-90 (June 1928), 
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Magnetic Observatory, were used and records were obtained of the poten¬ 
tials between this electrode and two similar temporary electrodes, one 
located 1.61 km. due south and the other 1.83 km. due east of the Observa¬ 
tory. The connecting lines consisted of double-braid rubber-covered No. 14 
copper wire, stretched out on the ground. Some difficulty was encountered 
due to insufficiency of the line-insulation, but ten days of satisfactory 
record were secured. 

The diurnal variation in earth-current potentials as determined from 
these short-line experiments was very like in kind to that recorded on the 
long lines, the curves having the same maxima and minimum at 7-5, 17 h 
ana ll h , respectively. The magnitude of the potential gradient as recorded 
here was, however, less than one-tenth that obtained from the long-line 
records, and the direction of the eastward component was found to be 
reversed; the general line along which current flows back and forth seems 
to be directed here somewhat west of north instead of east of north as 
was found from the long-line system. 

An earth-resistivity survey was also made covering the area included in 
the short-line measurements. The mean value of the average resistivity 
to a depth of 300 meters was found to be a little over 3000 ohm-cm., with 
only a few per cent variation with position within the area. The average 
resistivity was somewhat higher nearer the surface, a mean value of about 
16,000 ohm-cm. being recorded at electrode separations of 10 meters, and 
slightly lower when greater depths of soil were included in the measure¬ 
ments, the mean value for 600 meters electrode separation being 2900 
ohm-cm. The results of the survey as a whole confirm the geological evi¬ 
dence that the area is very uniform in structure and of unusually high 
conductivity. 

The difference in magnitude of the potential gradients as determined 
from the two systems is not surprising in view of the extremely low resis¬ 
tivity in the valley. No resistivity measurements were made in the moun¬ 
tains, but the type of rock abounding there, mostly granite-gneiss, is 
such that the resistivity of some portions of the current paths between 
the long-line terminals may be as much as 50 to 100 times as great as that 
in the valley. Hence it is probable that the average resistivity for the 
respective paths may differ by a factor of 10 or 20. 

The difference in direction can not be explained in such simple terms. 
On the assumption that undistorted current flow would occur more or less 
symmetrically about the magnetic meridian, as it does at Watheroo, the 
westward deflection of the axis of flow for the valley region near the 
Observatory could be explained topographically by the projection of the 
Santa Catalina range westward across the meridian a short distance north 
of the Observatory which is apparent to an observer at the Observatory. 
A similar explanation for the smaller eastward deflection from the mag¬ 
netic meridian of the current axis for the region as a whole as shown by 
the long-line records might be found if the less local irregularities of topog¬ 
raphy were as readily apparent. It is possible that the 'mountain region is 
so lacking in isotropy that the direction of current-flow can not be deter¬ 
mined from potential measurements of this character. 

The latitudes (both geographic and magnetic) of Tucson and Watheroo 
are nearly equal, except of course that they are in opposite hemispheres. 
This latitude is such that one might expect the northward component to 
predominate during most of the year, and that the figure described by the 
gradient vector during its diurnal cycle would be much elongated in a 
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general north-south direction, that direction being somewhat diverted 
toward the magnetic meridian. The data from Watheroo and those from 
the long lines at Tucson seem compatible with such a view. 

Air-conductivity at Washington in 1930. 0. H. Gish and K. L. Sherman. 

Negative conductivity has been recorded continuously in the Deck Ob¬ 
servatory in Washington, D. C., from January 1919 to December 1929, 
inclusive. The value obtained was on the average about one-fourth that 
found elsewhere. It was of course desirable to determine whether the same 
anomaly occurred also for the positive conductivity. Since only one appa¬ 
ratus was available for registration here, the policy of recording positive 
and negative conductivities, alternately by weeks, was adopted, beginning 
with January 1930. The scalings for all days of 1930 on which complete 
and satisfactory registration was obtained were reduced on the basis of 
weekly calibrations and assembled in two-month groups for study. The 
mean values in units of E.S.U.X10 -4 (negative conductivity appearing first 
in each case) follow: Jan.-Feb., 0.080, 0.096; Mar .-Apr., 0.095, 0.107; 
May-June, 0.145, 0.217; July-Aug., 0.153, 0.224; Sept.-Oct., 0.166, 0.250; 
Nov.-Dee., 0.075, 0.104. The diurnal-variation curves show distinct pri¬ 
mary and secondary maximum at all times of the year, the primary 
occurring at about 4 h and the secondary at about 14 11 , 75th west meridian 
time. The primary maximum is, however, considerably enhanced in the 
summer months. These data also show primary and secondary max¬ 
ima in the diurnal variation of the ratio between positive and negative 
conductivities. One coincides roughly with the primary maximum in the 
conductivities, being due to the more pronounced maximum for positive 
than for negative. The other occurs at approximately 18 h or four hours 
later than the secondary maximum in conductivity. The ratio also varies 
with time of year, the group-mean for March to April, 1.13, being a 
minimum and that for September to October, 1.51, being a maximum. These 
ratios indicate that the low values found at this Observatory are not re¬ 
stricted to negative conductivity alone, but hold also for positive, although 
it appears that in late summer and autumn the negative conductivity is 
affected more by the factor which diminishes this element. 

Johnston and Wait (see abstract later) found that the conductivity at 
this place is lower than that at any of 21 field stations in the vicinity of 
Washington where observations were made by them. They suggest that 
“it may be necessary to postulate a lower rate of ionization at a height 
equal to that of the Observatory” than near the surface of the Earth. 
Another view which seems more compatible with a variety of facts that 
must be taken into account in this connection is that the low values of 
conductivity registered at this place result from the intense field in the 
region from which the air is withdrawn for these measurements. The fact 
that the positive as well as the negative values are low indicates that the 
major effect does not arise immediately at the air-intake tube due to the 
distortion produced by that part of the tube which protrudes out of the 
roof of the Observatory, but that it arises rather from a more extensive 
distortion produced by the building. This conclusion is also supported by 
the fact that a comparison of the conductivity-ratio with simultaneous 
values of potential gradient discloses an inverse relationship between these 
quantities. Furthermore, the observed relationships between wind velocity, 
wind-direction, and conductivity strengthen this view. Daily mean values 
of conductivity increase with mean wind velocity, rather slowly until a 
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certain critical velocity is reached, then much more rapidly. This critical 
velocity is not well determined as yet, a more detailed analysis of the data 
being required for this. However, in the case of south wind this seems to 
be about 7 mi./hr. (3m./sec.), # while for northwest wind it is more than 
twice that velocity. The rate* of increase below the critical velocity is 
greater for south than for northwest winds. Investigations now under 
way should more definitely determine the factor or factors which are 
responsible for the abnormally low values of conductivity recorded at 
this station as perhaps also for the observed variation in the ratio of 
conductivity. 

Quantitative phytoplankton studies in the open Pacific Ocean. H. W. Graham. 

The quantitative study of 303 plankton samples taken in the Pacific with 
a Pettersson plankton pump at three depth levels has extended our knowl¬ 
edge of the abundance of phytoplankton in the open Pacific to sub-surface 
levels. The results, based on counts of the dinoflagellates and diatoms 
studied with respect to the physical and chemical conditions of the water 
in which the samples were taken, warrant the following conclusions. (1) 
There was a very poor production of diatoms and dinoflagellates in the 
open waters of the Pacific in 1928 and 1929 at 0-, 50-, and 100-meter levels. 

(2) Although dinoflagellates never reached the large numbers attained 
by the diatoms, they outnumbered the diatoms in 25 per cent of the samples. 

(3) Richer samples occurred in regions of lower temperature, lower salinity, 
higher phosphates and higher hydrogen-ion concentration. No definite 
correlation was found between either dissolved oxygen or silica and number 
of plant-cells. (4) A comparison of the Carnegie data with results obtained 
by Bigelow and Leslie in Monterey Bay bears out the same conclusions 
arrived at by a study of the Carnegie data alone. (5) The richer areas 
occurred in regions where sub-surface water was brought to the surface 
as by upwelling or by eddy motions in horizontal currents. (6) It is 
possible that only one of the observed factors was determinant in plant- 
production and that the others were incidental accompaniments character¬ 
istic of sub-surface water. (7) The collections indicate that the high lati¬ 
tudes support a greater production and this can be explained by the 
Carnegie density gradients which show that stores of nutrients accumulat¬ 
ing in the deeper water can be brought to the photosynthetic zone more 
easily in the higher latitudes. (8) Supersaturation of oxygen in the upper 
100 meters in regions where the diatoms and dineflagellate populations were 
very low indicates that a rich nannoplankton must exist in the upper levels. 
(9) The lower oxygen values in the photosynthetic zone in the tropics may 
be partly attributed to the scarcity of phytoplankton there. (10) There 
was no indication of a richer phytoplankton existing below the surface 
unless the oxygen-maximum be taken as an indication of the maximum 
nannoplankton. The oxygen-maximum varied from the surface to 100 
meters. (11) The Carnegie investigations have shown the desirability of 
making quantitative studies of phytoplankton that pass through the ordi¬ 
nary filter net and in securing more complete vertical series over the 
whole ocean. 

Notes on the use of the Pettersson plankton-catcher on board the Carnegie. H. W. 

Graham and J. H. Paul. 

The Pettersson quantitative plankton-pump used on the Carnegie was 
employed for the collection of more than 350 samples from three depth- 
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levels. A comparison of the variety of organisms in the pump-samples and 
tow-net samples indicates that the pump is a reliable device for the quan¬ 
titative collection of phytoplankton and probably also for the smaller, less 
mobile forms of the zooplankton. Changes in the construction and opera¬ 
tion of the pump were frequently necessary on board the Carnegie. From 
the experience gained with the apparatus, suggestions are made concerning 
the construction and maintenance of such a device. 

The effect of pressure on the magnetic inversion-point in iron and other materials. 1 

J. W. Green and L. H. Adams. 

This cooperative investigation by Adams and Green of the Geophysical 
Laboratory and Department of Terrestrial Magnetism, respectively, of the 
Carnegie Institution of Washington, was undertaken principally because 
of its bearing on the Earth’s magnetic field and its'relation to the problem 
of the central iron-cores. The object was to determine whether or not the 
temperature at which iron and other ferromagnetic substances pass from 
the magnetic to the non-magnetic state is affected by an increase of 
pressure. 

The specimens of the materials under investigation were made up as the 
core of a miniature transformer or induction unit, and placed in an elec¬ 
trically heated pressure bomb. A six-volt alternating current was supplied 
to the primary of the transformer and the output from the secondary was 
amplified, rectified, and carried to a direct-reading galvanometer. 

The temperature of the inversion-point, indicated by the galvanometer 
reading dropping to zero, was measured by means of platinum-platin- 
rhodium thermocouples. 

Five ferromagnetic metals were used in the investigations, namely, iron, 
nickel, nickel-steel, magnetite and meteoric iron. The pressure medium 
was carbon-dioxide and determinations were made at pressures up to 2000 
atmospheres for iron and magnetite, 2200 atmospheres for nickel, 2600 
atmospheres for nickel-steel, and, in the case of meteoric iron, 3600 atmos¬ 
pheres. The results indicate that pressure has practically no effect on the 
inversion-point, although the possibility of a slight decrease is not excluded 
as there was a slight tendency toward depression, especially in the case of 
nickel-steel and meteoric iron. 

On the whole, it seems a fair inference that the pressure coefficient of 
the magnetic inversion-point remains zero or negative even at the high 
pressures in the Earth’s interior and that consequently the permeability of 
the nickel-iron core of the Earth is not significantly higher than that of 
ordinary rocks. 

The Earth’s magnetic field in Southern Africa at the epoch 1st July 1930.* E. N. Grindley. 

This thesis contains the results of field work, carried out during the 
author’s vacations and one month of leave, for the purpose of obtaining an 
accurate knowledge of the Earth’s magnetic field in the part of Africa 
lying to the south of the Zambesi and Kamene Rivers for the epoch 1930.5. 
The work was commenced in 1927 with the aid of a grant from the South 
African Government Research Grant Board and grants and loan of instru- 

1 Presented before the Philosophical Society of Washington, March 28, 1931. 

* Thesis for the degree of Ph.D. presented at the University of Cape Town, November 
1930. 
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ments from the Department of Terrestrial Magnetism. The values of 
the survey by Beattie and Morrison applying to the epoch 1003.5 were 
made the basis of the present work in the area to which they apply, but 
elsewhere such values as exist reduced to 1908.5 have been accepted. The 
instrument used was combined theodolite-magnetometer and earth inductor 
No. 13 lent by the Department of Terrestrial Magnetism, the corrections 
on the Department’s provisional International Magnetic Standards having 
been obtained before it left Washington in 1927. The methods of observa¬ 
tion employed by the observers of the Department of Terrestrial Magnetism 
were followed, although the method of determining the diurnal variation 
of H was somewhat modified. 

In all 68 stations were occupied of which 47 were reoccupations with 16 
auxiliary stations, and four were new stations with one auxiliary. Three 
of the repeat-stations and one of the new ones were again occupied toward 
the end of the survey for the purpose of gaining some idea of the present 
rate of the secular change. A map showing the distribution of these sta¬ 
tions is included. 

The thesis is followed by five detailed appendices containing (a) dis¬ 
cussion of the constancy of the distribution coefficients of magnetometer 13, 
ib) tables showing the application of the diurnal-variation correction to 
the observed values of the magnetic elements, (c) discussion of methods of 
observing the diurnal variation, (d) constancy of magnetic moment of 
long magnet 13L, and (e) a proposed method of studying secular varia¬ 
tion of H (found to be unsuitable). 

On the basis of the data available, isoporic maps of the area surveyed 
have been drawn for the three elements for various periods, as well as 
curves showing for various stations the diurnal and secular variations. 

Design of vacuum prebaking-furnace. L. R. Hafstad and 0. Dahl. Rev. Sci. Instr., 
vol. 1, 517-522 (September 1930). 

An abstract of this paper is given on page 307 of the annual report for 
1929-30. 

Some notes regarding auroral displays during the months of August and September 1930. 
H. D. Harradon. Terr. Mag., vol. 36, 58-61 (March 1931). 

Essentially a digest of communications received from various sources 
regarding auroral displays observed in the United States and Canada 
during August and September 1930, during which period several unusually 
conspicuous auroras occurred. 

The Stockholm Assembly of the International Union of Geodesy and Geophysics—Pro¬ 
ceedings of the Section of Terrestrial Magnetism and Electricity. 1 H. D. 
Harradon. Pub. Nation. Res. Council, Trans. Amer. Geophys. Union, 12th 
annual meeting, 121-123 (June 1931). 

A general report made to the American Geophysical Union on the work 
done at the Stockholm meetings of the Section of Terrestrial Magnetism 
and Electricity of the International Union of Geodesy and Geophysics, 
August 15-23, 1930. Details regarding the meetings and a r&uml pf the 
reports of special committees and the important matters presented at the 
Section are given and the resolutions approved by the Section are quoted 
in full. 

1 Presented, at the meeting of the Section of Terrestrial Magnetism and Electricity of 
the American Geophysical Union, Washington, April 30, 1931. 
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List of recent publication*. H. D. Harradon. Terr. Mag., vol. 35, 186-192 (September 
1030) and 264-268 (December 1930); vol. 36, 71-76 (March 1931) and 
151-160 (June 1931). 

Continuation of the bibliography of current scientific literature embrac¬ 
ing (A) terrestrial and cosmical magnetism, (S) terrestrial and cosmical 
electricity, and ( C ) miscellaneous subjects allied to (4) and ( B ). In 
many cases there have been appended to the references brief abstracts and 
summaries giving information regarding the nature and scope of the more 
important publications. 

Automatic time-delay relay. C. Huff. Proc. Inst. Radio Eng., vol. 19, 1019-1020 (June 
1931). 

The design of an automatic time-delay relay is described. From certain 
types of mercury-rectifier tubes no plate voltage should be applied for at 
least half a minute after the filament current jts turned on if the peak 
inverse-potential exceeds 2100 volts. During six months in test of this 
relay on a special radio transmitter it has not failed to function at any time. 

Preliminary values of the annual changes of the magnetic elements in the Pacific Ocean 
as determined from the Carnegie results, 1909-1929, and the Galilee result* 
1905-1908. H. F. Johnston. Terr. Mag., vol. 35, 157-160 (September 1930). 

An abstract of this paper is given on page 307 of the annual report for 
1929-30. 

Atmospheric-electric survey in the vicinity of Washington, D. C. H. F. Johnston and 
G. R. Wait. Terr. Mag., vol. 36, 33-40 (March 1931). 

Atmospheric-electric observations obtained through a survey in the Dis¬ 
trict of Columbia and vicinity, indicate the existence of high-, medium-, 
and low-conductivity areas. Approximately normal high total conductivity 
values, on the average 2.3X10 -4 E.S.U., were found in regions outside the 
District of Columbia. This value is about three times that for the low- 
conductivity region which is roughly included by the District boundary 
lines, except for an extension toward the city of Baltimore. The total air- 
earth current tends toward equality over all three regions; this was inter¬ 
preted to mean that the factor causing subnormal conductivity is operative 
to only small altitudes. The results suggest that atmospheric pollution may 
be a large factor in producing small conductivities in the low area and that 
the subnormal values at the Washington Observatory of the Department of 
Terrestrial Magnetism, 16 meters above the surface of the ground, are in 
addition affected by a lower rate of ionization than are those nearer the 
Earth’s surface. 

When the total air-earth current is computed from the potential gradient 
and the total conductivity, true values will be obtained only at stations 
where there are undisturbed equipotential surfaces. Where disturbances 
exist in the equipotential surfaces, a reduction-factor for conductivity as 
well as for potential gradient will be required in order to compute true 
values of air-earth current for the reduction-factor station. The reduction- 
factor for the conductivity as recorded at the Washington Observatory, 
based on the series of intercomparisons with all survey stations reported 
upon, is about 4; this large value is due probably to the unusual height of 
the apparatus above the surface of the ground. For measurements of poten¬ 
tial gradient and of the conductivity made at similar heights above the 
ground and sufficiently near each other, probably no great error results by 
assuming ~a value of unity for the reduction-factor, that is, when the air- 
earth current is computed from the potential gradient and conductivity. 
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The Cooperation Committee program. A. E. Kennelly. Proc. Inst. Radio Eng., voL 18, 
1430-1432 (August 1030). 

The Cooperation Committee program for 1930-31. 1 A. E. Kennelly. 

The matter in the first of these reports is briefly abstracted on pages 307 
and 308 of the annual report for 1929-30. The second report gives details 
of the progress made in bringing about realization of the daily URSIgram 
broadcast of geophysical data through cooperation of the United States 
Navy and Army sections of radio communication in transmitting daily 
coded reports from organizations supplying material. The material being 
coordinated by Science Service is then broadcast each day from the Naval 
station at Arlington. 

Investigations of radio transmission and the Kennelly-Heaviside layer.* G. W. Kenrick. 

Recent developments in radio-transmission measurements. G. W. Kenrick and G. W. 

Pickard. Pub. Nation. Res. Council, Trans. Amer. Geophys. Union, 12th 
annual meeting, 101-108 (June 1931). 

Brief reports on investigations in which the Department of Terrestrial 
Magnetism cooperated through a grant, conducted at Medford, Massachu¬ 
setts, with a view to securing and utilizing data giving an insight into the 
mechanism of radio transmission with an outline of the projects in hand 
and the results obtained. Short discussions of what the authors regard as 
some of the present problems of radio transmission theory, the relation of 
the present observations to the general problem, and the means which should 
be employed to effect a solution, are also included. Figures are given show¬ 
ing apparatus and records of field strength of various stations as obtained 
at Medford, Massachusetts, are reproduced. 

The occurrence of thunderstorms in New Zealand. E. Kidson and A. Thomson. N. Z. 
J. Sci. Tech., Wellington, vol. 12, 193-206 (February 1931). 

List of publications of the Department of Terrestrial Magnetism of the Carnegie Ineftitu- 
tion of Washington, 1930. J. J. Kolar. Carnegie Inst. Wash., 11 pages 
(December 31, 1930). 

This is the official list of publications by members of the staff of the 
Department issued during the calendar year 1930. It contains the titles of 
some 125 papers and contributions to scientific journals, proceedings and 
transactions of scientific societies, etc., and to the annual report, relating 
chiefly to terrestrial magnetism and electricity, and oceanography. It is in 
continuation of similar lists for the years 1904-1927, 1928 and 1929. 

Principal magnetic storms recorded at the Huancayo Magnetic Observatory: April to 
May 1930, Terr. Mag., vol. 35, 181 (September 1930); October to December 
1930, Terr. Mag., vol. 36, 64 (March 1931); January to March 1931, Terr. 
Mag., vol. 36, 146 (June 1931). P. G. Ledig. 

Principal magnetic storms recorded at the Huancayo Magnetic Observatory, June to 
September 1930. P. G. Ledig and S. E. Forbush. Terr. Mag., vol. 35, 
258 (December 1930). 

Low-frequency radio transmission. P. A. de Mars, G. W. Kenrick and G. W. Pickard. 
Proc. Inst. Radio Eng., vol. 18, 1488-1501 (September 1930). 

This paper presents the results of field-intensity measurements on low- 
frequency transmission (17.8 kc.) from the Radio Corporation of America 
station WCI located at Tuckerton, New Jersey. The results of observations 

1 Presented at the meeting of the American Section of the International Scientific 
Radio Union, Washington, May 1 , 1931. 

9 Presented at the meeting of the American Section of the International Scientific Radio 
Union, Washington, May 1, 1931. 
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made at Newton Centre and at Medford, Massachusetts, are presented. 
Apparatus for alternating antenna observations with variously oriented loop 
observations is described and the results of such measurements are pre¬ 
sented. The relation of the state of elliptical polarisation of received signals 
to loop responses for various positions of the loop is investigated theoreti¬ 
cally, and the results thus obtained are applied to an interpretation of the 
observations. The necessary approximations required to render this prob¬ 
lem determinate are pointed out and their questionable validity emphasised. 

The mean of the received signal-intensity in an absence of magnetic dis¬ 
turbance is lowest during the night, and strong sunrise and sunset peaks are 
found. An inversion of received signal-intensity is noted during magnetic- 
storm conditions. At such times the night field strength exceeds the day 
field. 

Investigation of “non-cyclic” change in horizontal intensity during international quiet 
days of the sunspot-maximum years 1919 and 1925-29 at the Watheroo 
Magnetic Observatory. A. G. McNish. 

Differences of the daily mean values of horizontal intensity for successive 
selected quiet days which include international quiet days are plotted to 
give the “non-cyclic” change. Upon plotting the change in gammas against 
the time in days, reckoned from the last preceding international disturbed 
day, a linear increase in the value of horizontal intensity is indicated for 
quiet periods following disturbances at the Watheroo Magnetic Observatory 
of about 4 y per day. The mean value of the “non-cyclic” change for inter¬ 
national quiet days at the same Observatory as determined by end-differ¬ 
ences for the same period is 5 y per day. Although the trend appears to be 
predominantly linear, there is a suggestion of a slightly greater slope for 
those days immediately succeeding a disturbance. The data used include 
values for 200 days in 1919 and 1925-29. There is reason to believe that 
time intervals shorter than one day will reveal features of the recuperation 
of horizontal intensity which do not appear when the 24-hour interval is 
used. 

Determination of “non-cyclic” change by the method of least-squares. A. G. McNish. 

Harmonic analysis of a series of data presupposes that the variable 
assumes the same value at the end of the period which it had at the Begin¬ 
ning of the period. As the magnetic elements frequently exhibit different 
values at the beginnings and at the ends of periods, for the purpose of har¬ 
monic analysis the series is frequently made to close by the application of a 
“non-cyclic” correction, determined by taking the mean difference of the 
values for the two two-hour intervals including the beginning and the end 
of the period, respectively. “Non-cyclic” corrections derived in this way 
are subject to the objection that they are based on values not entirely 
included in the series analyzed. In an attempt to derive the “non-cyclic” 
correction from the series itself a method has been devised for determining 
it by fitting to the data an equation of the form 

y=a 0 +mt+a l cos kt+a 2 cos 2kt .-f&x sin kt+b a sin 2 kt . 

This method entails but little additional calculation as it employs princi¬ 
pally the values of the Fourier coefficients which are computed for the 
uncorrected series. 

Although the value of the “non-cyclic” correction determined in this way' 
exhibits slight variation according to the number of Fourier terms employed 
in its calculation, the values obtained when 4,5 or 6 components are used 
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show substantial agreement with the values obtained by taking end-differ¬ 
ences. In a number of cases tried, harmonic-analysis terms corrected for 
“non-cyclic” change give a better fit to the data, in the sense of least- 
squares, than the harmonic analysis based on the assumption that no “non- 
cyclic” change took place, unless an exceedingly large number of terms is 
carried in the analysis. 

The effect of atmospheric pollution on small ions. A. G. McNish. 

The diurnal variation of small ions of both signs was measured over a 
single period of 24 hours, together with the diurnal variation of condensa¬ 
tion nuclei and of Owens particles. The data reveal a correlation between 
the numbers of condensation nuclei and Owens particles, but do not show 
that the variation of these types of pollution can be made to account for the 
variation of small ions on the basis of any of the proposed laws of recombi¬ 
nation. This investigation was the basis of a thesis for the degree of Master 
of Science received by the author from George Washington University in 
June 1931. 

A theoretical investigation of the effect of space-charge on the accuracy of measurements 
of the Earth’s electric field by the collector method. A. G. McNish. 

The common assumption that the potential difference between a collector 
and the Earth divided by the height of the collector is a measure of the 
potential gradient leads to considerable error if the space-charge below the 
collector is appreciable. The magnitude of this error is investigated for 
various space-charge conditions which show that, for a space-charge layer 
of considerable horizontal extent, the quotient, V/k, will be greater than the 
actual value of the gradient at the collector by 2 v times the space-charge 
in a column of unit cross-section beneath the collector. From this it may be 
seen that if the collector of a potential-gradient recorder is placed two 
meters above the ground, reduction-factor determinations made with a col¬ 
lector placed one meter above the ground may vary as much as 50 per cent, 
due to fluctuations of the space-charge in the two-meter layer of such mag¬ 
nitude as has frequently been observed. A general equation for the condi¬ 
tions shows that positive space-charge can not cause negative values for the 
potential difference registered by the recorder. 

Further equations for investigating the error introduced by considering a 
finite volume of space-charge to be of infinite horizontal extent show that 
when the volume is in the form of an erect right cylinder the errors intro¬ 
duced by this consideration are 4 per cent if the radius of the cylinder is 10 
times its altitude and 0.4 per cent if the radius is 100 times its altitude. 

The distribution of oxygen in the Pacific. E. G. Moberg. Contrib. Marine Biol., Stanford 
Univ. Press, 69-78 (September 1930). 

Recent studies have been made of the distribution of oxygen in the 
Eastern Pacific between latitudes 20° and 40° north from the coast to about 
2000 miles to sea. These have included the results obtained on the Carnegie 
from San Francisco to Honolulu. These studies show that in this area the 
oxygen content decreases from nearly complete saturation at the surface to 
a minimum of less than one milliliter per liter at a depth of about 700 
meters and then increases slowly toward the bottom, the highest amount of 
oxygen obtained in the deep water being 3.45 milliliters per liter. Near the 
coast the oxygen gradient in the upper few hundred meters of water is con¬ 
siderably modified by the upwelling of sub-surface waters. Comparing the 
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oxygen content of the Pacific with that of the Atlantic, it is found that in 
the latter ocean the minimum oxygen values in most latitudes and the 
oxygen values at greater depths in all areas are much higher than in the 
Pacific. This difference can not be satisfactorily explained until further 
information concerning the circulation and the biological conditions in the 
Pacific is available. One possible explanation is that in the Pacific the 
consumption of oxygen is greater than in the Atlantic, but a more probable 
one is that the deep water in the Pacific may be removed from contact with 
the atmosphere for longer periods than that in the Atlantic. 

Principal magnetic storms, Watheroo Magnetic Observatory, January to March, 1931. 
W. C. Parkinson. Terr. Mag., vol. 36, 146 (June 1931). 

A photographic method of changing the ratio of ordinate-scale to abscissa-scale. 1 W. J. 
Peters and J. W. Green. Terr. Mag., vol. 36, 99-104 (June 1931). 

This method is proposed for the purpose of reproducing on one common 
scale magnetograms or other continuous photographic records made at 
different observatories with all the minutiae of detail. Two photographic 
exposures are made, one of the photographic record, the second of the result¬ 
ing negative. In both exposures the sensitized paper is inclined at predeter¬ 
mined angles which depend upon the magnifications required of the abscissae 
and ordinates, respectively, and upon the condition that the respective 
scales be uniform throughout the final positive. Theoretically there is no 
limit to the choice of ratio desired between the scale of ordinate and the 
scale of abscissa. Practically the limit is fixed by the depth of focus avail¬ 
able, the smallest stop usable, or by the number of repetitions of the opera¬ 
tion of two exposures. Experiments were made in which the final ordinates 
were made about three times as long as the original with respect to the 
absciss® in the one operation of two exposures of 2 to 4 minutes. 

Magnetic observations on a moving ice-floe.* W. J. Peters. Pub. Nation. Res. Council, 
Trans. Amer. Geophys. Union, 12th annual meeting, 132-134 (June 1931). 

This note gives some data on the amount of motion of ice floes of the 
arctic regions and also some suggestions as to methods of making magnetic 
observations on floating ice-fields. 

Note on the fifteen-month period in solar activity, terrestrial magnetism, and radio recep¬ 
tion, G. W. Pickard. Proc. Inst. Radio Eng., vol. 19, 363-365 (March 1931). 

A marked 15-month period has been found in sunspots, terrestrial mag¬ 
netism and radio reception. Early in 1929 this cycle abruptly changed 
phase by about 60°, 210° and 160°, respectively, for these elements, result¬ 
ing in changed relations between solar activity and the two geophysical 
measures. 

A note on the relation of meteor-shower and radio reception.* G. W. Pickard. Proc. Inst. 
Radio Eng., vol. 19, 1166-1170 (July 1931). 

A comparison of reception measures with meteor showers over five-year 
periods indicates an accompanying increase of night fields and a decrease of 
day fields. The highest correlation appeared between monthly means of 
meteor hour-rates and night fields. No associated disturbance of terrestrial 
magnetism was found. 

1 Presented before the Philosophical Society of Washington, April 25, 1931. 

* Presented at the meeting of the Section of Terrestrial Magnetism and Electricity of 
the American‘'Geophysical Union, Washington, April 30, 1931. 

* Presented at the meeting of the American Section of the International Scientific 
Radio Union, Washington May 1, 1931. 
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Notes on correlation investigations between Kennelly-Heaviside layer and lunar altitudes. 1 

G. W. Pickard. Pub. Nation. Res. Council, Trans. Geophys. Union, 12th 
annual meeting, 125-126 (June 1931). 

From an investigation of the 5-year period 1926-1930, it appears highly 
probable that there is a true lunar period of approximately 29.5 days in 
night radio reception which on particularly sensitive transmission paths 
and frequencies may show large amplitudes. Various hypotheses regarding 
the mechanism of this lunar action on the Kennelly-Heaviside layer are 
mentioned. 

Earth-resistivity survey at Huancayo, Peru, and relation of resistivity to earth-current 
potential records. W. J. Rooney. (Abstract) J. Wash. Acad. Sci., vol. 
21, 42 (February 4, 1931). 

An abstract of the matter in this communication is given on pages 312 
and 313 of the annual report for 1929-30. 

Amateur radio as an aid to terrestrial-magnetic research. S. L. Seaton. Q S T, vol. 15, 
9-10 (May 1931). 

A self-contained 200-watt transmitter. S. L. Seaton. Q S T, vol. 15, 21-24 (June 1931) 

The first of these two papers gives a brief account of the part played by 
radio in the work of the Carnegie. According to the vessel's log during the 
period May 1928 to November 1929, nearly 25,000 words official and private 
were handled through amateur stations, thus making more immediately 
available to the world the day-to-day progress made in all branches of 
research represented in the vessel’s program. The apparatus carried on 
board the Carnegie is described and the projected installation of radio 
equipment at the observatories of the Department is mentioned. 

The second paper gives a detailed description of the transmitter designed 
for use at the Huancayo Magnetic Observatory, Peru. Reproductions of 
photographs and schematic diagram with specifications supplement the 
technical description of the apparatus. 

Effect of local conditions on potential gradient and conductivity at Washington, D. C- 
K. L. Sherman and O. H. Gish. 

A statistical investigation to determine the effect of local conditions upon 
the air potentials and negative conductivity as recorded in the Deck- 
Observatoiy at Washington, D. C., and also of their effect on the reduction- 
factor obtained for reducing the recorded air-potentials to volts per meter,, 
has yielded interesting results. Mean annual curves of the six-year period 
1924-1929, inclusive, based on 224 days when the prevailing wind was south 
and 297 days when the prevailing winds were from the northwest, show that 
the mean value of air potential is 57 per cent higher when the wind is from 
the south than when it is from the northwest, and that it is still greater than 
this in winter and less in summer. The effect is not the same at the Ob¬ 
servatory and at the standardization station which is 0.9 km. distant in 
Rock Creek Park, that is, the reduction-factor, which is the ratio between 
the potential gradient at the standardization station and the air potentials 
at the Observatory, is not constant. It is appreciably greater when the 
winds are from the south than when they are from the northwest. In 
accordance with Ebert’s theory of soil respiration, the recorded values of 
both air potentials and negative conductivity are affected by wind velocity 
from most directions, and to a lesser extent by rising and falling atmos¬ 
pheric pressures. There is some evidence that recorded air potentials are 

1 Presented at the meeting of the Section of Terrestrial Magnetism and Electricity of 
the American Geophysical Union, Washington, April 30, 1931. 
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higher when the pressure is increasing. Air potentials decrease with increas¬ 
ing north, northwest, and south wind velocities, whereas the negative con¬ 
ductivity increases. These effects may be complicated to a considerable 
extent by the distorted field in the region of the Observatory. 

Oceanographic instruments and methods. Floyd M. Soule. 

This paper was prepared as one of the sections in the proposed volume on 
oceanography of the series of bulletins on “The physics of the Earth" being 
published by the National Research Council. It contains a comprehensive 
description and discussion of the modem instruments and methods of 
oceanographic research and, to a considerable extent, is based on actual 
experience in the use of special methods and technique as developed on the 
last cruise of the Carnegie. Thus the greater part of the article is devoted 
to physical oceanography—measurements of temperature, pressure, cur¬ 
rents, salinity, and depth, methods of bottom-sampling, properties of sea¬ 
water, etc. Some attention is given to the marine meteorology and marine 
biology. The article is well illustrated and provided with an extensive 
bibliography referring to more detailed discussions of subjects treated in 
the text. 

Oceanographic results from the Carnegie’s last cruise. H. U. Sveidrup. 

This manuscript is devoted to a discussion of the large accumulation of 
physical oceanographic data secured by the party on the Carnegie during 
May 1928 to November 1929 in the North Atlantic Ocean and in the Pacific 
Ocean. 

In the North Atlantic Ocean the observations of the Carnegie confirm the 
previous conceptions as to the physical properties of the waters and as to 
the character of the currents. The discussion is mainly restricted to a de¬ 
scription of the distribution of temperature and salinity. Conclusions as to 
the currents can not be drawn from the Carnegie data alone but Helland- 
Hansen’s and Nansen’s dynamic charts for the Eastern North Atlantic are 
extended further to the west by means of the Carnegie stations. 

Knowledge of the Pacific Ocean prior to the last cruise of the Carnegie 
was based mainly on measurements which do not meet the present require¬ 
ments as to accuracy. Several of the older observations of temperature, for 
example the Challenger data, have previously been accepted as fairly accu¬ 
rate but comparison with the Carnegie data reveals that even the best of the 
old temperature observations suffer from considerable errors. The discus¬ 
sion of the physical oceanography of the Pacific therefore was based mainly 
on the Carnegie data. 

Detailed descriptions of the distribution of temperature, salinity, and 
density on the basis of horizontal charts and vertical sections are followed 
by a discussion of the temperature-salinity relation which differs in char¬ 
acter from the corresponding relation in the Atlantic Ocean. 

The major features of the currents are discussed on the basis of topo¬ 
graphic charts of isobaric surfaces which were constructed by means of the 
results of dynamic computations. It is shown that in both hemispheres at 
the upper levels we find a closed warm-water circulation, clockwise in the 
northern hemisphere and counter clockwise in the southern. These two 
closed circulations are separated by the narrow equatorial counter current. 

The two closed current-systems are maintained partly by the differences 
in density and partly by the effect of the prevailing winds. The easterly 
currents north and south of about 30° are the most dominating “density 
currents.” When thesfe currents strike the continents they are bent toward 
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the equator and thus we find currents flowing toward the equator along the 
North American and South American continents. On account of the dy¬ 
namic conditions we find within these currents accumulations of heavy 
water along the coasts and near the surface an upwelling of cold water takes 
place under the influence of offshore winds. This upwelling is limited to the 
uppermost layers and the accumulation of heavy water at great depths is 
not a result of the upwelling but is associated with the existence of “forced 
currents” toward the equator. 

The equatorial counter current, can not be regarded as a compensation 
current, carrying back toward the east part of the water which is trans¬ 
ported toward the west by the westerly tropical currents, but it is a dynam¬ 
ically conditioned current. An assymmetric development in reference to the 
equator of the westerly tropical currents in the two hemispheres must, on 
account of the symmetric effect of the Earth’s rotation, give rise to a counter 
current. 

Below the warm-water circulation the arctic and antarctic intermediate 
currents are met with, carrying water of low salinity. The water of the 
antarctic intermediate current appears to have submerged from the surface 
in the region of latitude 50° to 52° south but the water of the arctic inter¬ 
mediate current appears to be formed by mixing within eddies and whirls 
which occur at the boundary of the warm and the cold currents off the 
northeastern coast of Japan. 

No direct connection is found between the intermediate currents of the 
two hemispheres, but in the tropics the water at the level of the inter¬ 
mediate currents has a lower salinity than both the upper layers and the 
deep-water in the same region. This water of low salinity appears to be 
stagnating. The movement of the water is very slow according to the 
dynamic charts and the oxygen-content is very low. 

The deep water of the Pacific appears to be completely separated from 
the warm water, in contrast to the deep water of the Atlantic. It is prob¬ 
able that the deep water of the Pacific is formed by processes of mixing in 
the southeastern Indian Ocean and that it enters the Pacific basin through 
the opening to the south of New Zealand. For the study of the circulation 
of the deep water a greater number of observations is needed. 

Some oceanographic results of the Carnegie's work in the Pacific. The Peruvian current. 

H. U. Sverdrup. Reprinted from Trans. Amer. Geophys. Union, 10th and 
11th annual meetings, 257-264 (1930). Hydrogr. Rev., vol. 8, 240-244 (1931). 

Algunos resultados oceanogr&ficos de la labor del Carnegie en el Pacifico. La oorriente 
peruana. H. U. Sverdrup. Rev. Consejo Oceanogr. Ibero-Amer.* vol. 1, 
147-155 (August 1930). 

The origin of the deep water of the Pacific Ocean as indicated by the oceanographic work 
of the Carnegie . H. U. Sverdrup. Beitr. Geophysik, vol. 29, 1-21 (1931). 

Abstracts of these three papers are given on pages 314 and 315 of the 
annual report for 1929-30. 

The Maud Expedition. H. U. Sverdrup. (Abstract) Q. J. R. Met. Soc., vol. 57, 210-220 
(April 1931). 

• 

An abstract of a lecture delivered at the meeting of the Royal Meteoro¬ 
logical Society, London, December 17,1930. A brief account of the Maud 
Expedition was given and the scientific work accomplished reviewed. Par¬ 
ticular attention was devoted to the meteorological work, but other geo¬ 
physical observations, as for example, those pertaining to oceanography, 
terrestrial magnetism and aurora, were described. 
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Report of the Apia Observatory, Western Samoa, for 1927. A. Thomson. Wellington* 
W. A. Skinner, Govt. Printer, 86 (1929). 

Report on the Apia Observatory, Western Samoa, for 1928 and 1929. A. Thomson. 
Wellington, W. A. Skinner, Govt. Printer, 176 (1931). 

These reports give the numerical data with a brief discussion of the 
results of the geophysical activities at the Apia Observatory for the period 
of three years, 1927-1929. Hourly values of the magnetic elements are 
given in full with summaries for international and the so-called “all days’ 1 
values. The hourly variations of the atmospheric pressure, temperature and 
rainfall, are given for months, seasons and years as well as the values at 
three terminal hours of all meteorological elements. Brief summaries are 
given of the seismological observations and of the potential gradient at the 
station in the Observatory grounds. 

Thunder and lightning in the South Pacific Ocean. A. Thomson. Mon. Weath. Rev., 
vol. 58, 327-329 (August 1930). 

Violent thunderstorms are infrequent in the central South Pacific and 
extremely rare in the eastern areas as found from the Carnegie observations 
on the open ocean. Electrical storms of moderate intensity have a maximum 
frequency of occurrence in January in the rainy season although observed 
in all months. The daily variation of thunder is found to have a sharp 
maximum at 15 h in the afternoon, probably due to showers, and a smaller 
maximum at 21 h due to convection currents. 

Aerological observations made with a captive balloon from a moving ship. A Thomson. 
Mon. Weath. Rev., vol. 58, 494-495 (December 1930). 

A method is described in which a captive balloon carrying recording 
meteorological instruments is allowed to rise approximately vertically over 
a ship, the ship being maneuvered to move through the water with a speed 
and direction equal to the horizontal component of the balloon’s motion. 
The balloon reaches in 15 to 30 minutes a height of four to seven km. Aero¬ 
logical data to this altitude could be obtained by this method in tropical 
regions with gentle winds more economically than by the use of the airplane. 

The three-year weather cycle over the South Pacific. A. Thomson. N. Z. J. Sci. Tech., 
Wellington, vol. 12, 388 (June 1931). 

This is an abstract of a paper by H. P. Berlage (Met. Zs., vol. 46, p. 249- 
259, July 1929) of the Batavia Observatory. Pressure and temperature 
have been shown to have a very definite three-year cycle at observing 
stations in North Australia and the Malay Archipelago. Berlage designates 
areas as active in contrast to passive where pressure exerts primary control. 
The passive areas may be considered to have a pole in the vicinity of Easter 
Island while a representative center of the active area is Port Darwin. 

Magnetic storms and disturbed days, Apia Observatory, Samoa, January 1929, to March 
1930. A. Thomson and C. J. Westland. Terr. Mag., vol. 35, 149-150 
(September 1930). 

The last cruise of the Carnegie} O. W. Torreson. The Case Alumnus, vol. 10, 7-8, 19 
(October 1930). 

The last cruise of the “non-magnetic” vessel Carnegie . O. W. Torreson. Quarterly of 
Phi Pi Phi, vol. 7, 219-228 (1931). 

These two papers stress the importance of accurate knowledge of the 
variation of the magnetic compass. The Carnegie on all her cruises, made 

1 Broadcast dver the network of the National Broadcasting Company, July 28, 1930, 
under auspices of the American Association for Advancement of Science and associated 
societies. 
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measurements of that variation as part of a program of study in terrestrial 
magnetism. In the twenty years of her existence she sailed all the oceans 
of the world, and the program of work, expanding from one cruise to 
another, included on the seventh and last cruise, observations in terrestrial 
magnetism, atmospheric electricity, radio transmission and reception, 
meteorology, oceanography, and marine biology. 

Unique and special details in construction of vessel, necessary to such a 
program of work, are outlined, as well as interesting features of the scien¬ 
tific instruments and equipment and of the distribution of the latter from 
masthead to hull. A somewhat detailed description of the methods of 
observation, particularly in oceanography, is given, followed by a discussion 
of some of the results from the seventh cruise. The latter include the dis¬ 
covery that the circulation of the deep-water of the Pacific is different from 
that of other oceans, and also that there is in the tropical waters of the 
Pacific a region practically devoid of dissolved oxygen. It is pointed out 
that, owing largely to the great number of observations of compass varia¬ 
tion made on all cruises, it has been possible for the nations of the world to 
publish variation charts of great accuracy in recent years, thereby increas¬ 
ing the safety of ocean commerce and transportation. 

Penetrating the atom with beta- and gamma-rays. O. W. Torreson. Science and Inven¬ 
tion, vol. 18, 1090-1091, 1136 (April 1931). 

A description of the gradual development of the high-voltage apparatus 
in the Department of Terrestrial Magnetism on the basis of the present 
conception of atomic structure and upon such knowledge of the character 
and energies of the alpha-, beta-, and gamma-rays as has been derived from 
investigations with radium and other radioactive substances. This knowl¬ 
edge is briefly discussed. 

After the description of the apparatus, the results of measurements made 
on beta- and gamma-rays are presented. Views of the apparatus and curves 
and photographic records representative of the results are given. Analyses 
of the records and curves show that rays, similar to those emitted naturally 
from radium, have been produced covering practically the whole radium- 
spectrum. 

In referring to the application of gamma-rays from high-voltage tubes 
for medical purposes, it is pointed out that, while the present apparatus, 
designed for studies in atomic physics, does not provide sufficiently large 
intensities of radiation, the development of an apparatus for such purposes 
seems to be chiefly a matter of providing the necessary equipment. 

In the final portion of the paper, the method for studying the atomic 
nucleus is outlined. In this work the nucleus of the hydrogen atom, the 
proton, rather than the more complex nucleus of the helium atom, the 
alpha-particle, is being used. The protons, under the influence of the high 
voltage, may be considered as relatively heavy projectiles which, when used 
to bombard other particles—relatively stationary atoms—will provide 
information concerning the structure and internal behavior of the nucleus. 

The last cruise of the Carnegie, 1 0. W. Torreson. . 

A lecture, illustrated throughout with lantern slides, reviewing briefly the 
history of the founding of the Carnegie Institution in 1902 and the subse- 

1 Lecture delivered April 18, 1931, at the Brooklyn Academy of Arts and Sciences, 
Brooklyn, N. Y., to the Department of Physics of the Academy under the auspices of the 
Alfred Waters Proctor Foundation; also given in preliminary form to the membership of 
the Evangelical Lutheran Church, Cleveland, Ohio, December 28, 1930. 
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quent founding of the several departments, including the Department of 
Terrestrial Magnetism in 1904, and then, in some detail, describing the 
plans whereby the vessel Carnegie became a reality in 1909, the unique 
features of construction which made her particularly suited to her special 
work, the unusual adaptations of instruments and equipment to the condi¬ 
tions of a floating laboratory, the methods of operation and manipulation 
of the apparatus, and the extent of the contributions of the Carnegie’s work 
to scientific knowledge. In the latter portion of the lecture, the contribu¬ 
tions of the seventh cruise, chiefly, were presented, with special attention 
given to several of the new discoveries in the field of oceanography. 

Obaervatory-type recording conductivity-apparatus of the Department of Terrestrial 
Magnetism. 0. W. Torreson. 

This paper gives a description so complete as to enable anyone interested 
in reproducing and operating such apparatus to do'so without referring to 
other sources of information. Included in the description are discussions of 
the theory, construction, installation, adjustment and operation of the appa¬ 
ratus, and of the interpretation of the results. In the final section of the 
manuscript, details are presented of the specially constructed building in 
which the apparatus is housed at the observatories of the Department, with 
enumeration of the environmental conditions which govern the selection of 
a site for the building. The illustrations include reproductions of shop- 
drawings and views of the completed apparatus, construction-drawings and 
views of the building, and samples of forms which are used to record details 
of operation. Various details of construction, maintenance, and operation, 
resulting from nearly ten years’ use of this type of equipment at the 
observatories of the Department, are given. 

Much of the material has been taken from articles prepared by Swann, 
Mauchly, Gish, Wait, and others of the staff of the Department, presented 
with such revision or rearrangement as has been necessary to provide the 
desired continuity from theory through to operation. 

Note on the production of extremely high voltages. M. A. Tuve. Phys. Rev., vol. 36, 
1676-1578 (November 15, 1930). 

Ordinary methods for the production of high voltages for application to 
vacuum tubes are satisfactory up to several million volts, but are subject to 
definite limitation due to corona or spark-over from the high-voltage termi¬ 
nal toward ground. A system of successive concentric Faraday cages, with 
the outermost cage grounded, is not so limited. An impulse-method for the 
production of extremely high voltages using such a system of Faraday cages 
is described. Alternate cages are charged through resistors to two voltages, 
for example, 0 and -V, giving initial fields between alternate cages in oppo¬ 
site directions. A series of spark-gaps is arranged to short-circuit alternate 
pairs of cages, wiping out all electric fields in one direction while those in 
the opposite direction remain, thus raising the potential of each pair of 
cages by an amount V with respect to the preceding pair, by the principle 
of the Faraday cage. A system of (2n+2) cages gives an impulse-voltage 
slightly less than nV on the innermost cage. 

Artificial radium-rays from high-voltage tubes. 1 M. A. Tuve. (Abstract) J. Wash. Acad. 
Sci., vol. 21, 167-168 (April 19, 1931). 

In order to make clear the relation of high-voltage work carried on at the 
Department* to studies of the nature and properties of matter, a brief sum- 

1 Lecture delivered before Washington Academy of Sciences, February 20, 1931. 
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mary was made of the facts which are known about atoms, electrons and 
radiation, and a more detailed description was given of the methods by 
which our present-day knowledge of the atomic nucleus have been obtained. 
The significance of the experiments, including very recent work, which have 
been made using the rays from radioactive substances, was pointed out as 
underlying our whole conception of the material universe. The well-known 
possibility of artificially producing such rays by the application of very 
high voltages to vacuum-tubes was indicated, and the experiments and 
measurements were described by which artificial beta- and gamma-rays 
have been produced at the Department. The work in progress on high¬ 
speed protons was described. 

Vacuum-tube experiments using Tesla voltages. 1 M. A. Tuve. 

The experiments are described by which artificial beta- and gamma-rays 
and high-speed protons have been produced and measured, utilizing high- 
voltage Tesla coils and cascade vacuum-tubes. Some of the difficulties 
encountered in the work are described and the possibilities and limitations 
of the Tesla coil as a voltage-source are indicated. Experiments have just 
been initiated using a recording Wilson-Blackett chamber in connection 
with the high-voltage tubes for a study of nuclear collisions and a search for 
possible nuclear disintegration using protons of speeds 500 to 1500 kilovolts. 

High-voltage tube*. M. A. Tuve, L. R. Hafstad and 0. Dahl. Phys. Rev., vol. 36, 1261- 
1262 (October 1, 1930). 

This note reports briefly on measurements showing the artificial produc¬ 
tion of beta- and gamma-rays in the region above 1000 kilovolts, using 
Tesla coils and cascade high-voltage tubes. 

Experiments with high-voltage tubes.* M. A. Tuve, L. R. Hafstad and O. Dahl. Abstract 
in Phys. Rev., vol. 37, 489 (February 15, 1931). 

Measurements obtained on the artificial beta- and gamma-rays produced 
by the high-voltage cascade-tubes and Tesla coils previously described in 
the Physical Review were described. The H p values of the fastest beta- 
rays, measured by their deflection in a calibrated magnetic field, correspond 
in voltage-equivalents, using the standard beta-ray tables, to the peak- 
voltages applied to the tubes, measured as before by the capacity-potentio¬ 
meter method. Using a Geiger-Muller tube counter shielded by six inches 
of lead, the relative gamma-ray intensities from the tubes have been 
measured through 1, 2 and 3 inches of lead. With the tube operating at 
about 1300 kilovolts, the absorption coefficient after filtering through 1 inch 
of lead is the same (0.47) as that for the gamma-rays from radium in equi¬ 
librium measured under the same conditions with the same instrument. 
These beta- and gamma-ray measurements incidentally constitute a verifi¬ 
cation also of previous voltage-measurements. “Heat-working” of the 
Pyrex, as previously described, has removed the voltage-limitation to such 
an extent that tubes have operated satisfactorily up to approximately 2000 
kilovolts, this limit (above ground) being set by corona or sparkover lo the 
grounded oil-tank. 

1 Presented at the American Physical Society symposium on “The production of high- 
energy electrical particles/ 1 Pasadena, California, June 18, 1931. 

1 Presented at the Cleveland meeting of the American Physical Society, December 
81, 1930. 
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The number of Aitken nuclei over the Atlantic and Pacific oceans as determined aboard 
the Carnegie during 1928-1929. G. R. Wait. 

A preliminary summary of the number of Aitken nuclei made on the 
early portion of the seventh cruise of the Carnegie was given in the annual 
report for 1928-29 (pp. 274-275) which appeared before the complete data 
were available. In that summary it was noted that the values were only 
tentative and would require to be increased by some factor between 1 and 
1.5. The experiments and computations under way then are completed and 
the constants are now definitely established. After applying these constants 
to the observed data, a new summary was made which is given in the table 
below. 

Final summary of Aitken nuclei-counts on the Carnegie during May 19S8, to 

November 19S9 


Ooean 

Passage 

Dates 

Sta¬ 

tions 

Average nuclei per c.o. 

5 

largest 

values 

5 

smallest 

values 

All 

values 



1928-29 





Atlantic 

Newport News-Plymouth 

May 21-June 8 

25 

2940 

640 

1460 


Plymouth-Hamburg 

June 18-June 22 

0 

.... 

.... 



Hamburg-Reykjavik 

July 8-July 18 

20 

5160 

610 

2300 


Reykjavik-Barbados 

July 28“Sep. 16 

54 

3780 

280 

1070 


Barbados-Balboa . 

Oct. 2-Oct. 11 

21 

2510 

360 

1180 


Means, Atlantic Ocean. 

120 

3600 

470 

1370 

Pacific 

Balboa-Easter Island 

Oct. 25-Dec. 5 

123 

830 

130 

382 


Easter Island-Callao 

Dec. 13-Jan. 9 

24 

450 

120 

238 


Callao-Papeete 

Feb. 0-Mar. 12 

112 

4560 

350 

2170 


Papeete-Apia 

Mar. 23-Apr. 2 

30 

3260 

620 

1700 


Apia-Guam 

Apr. 23-May 19 

93 

10800 

450 

2910 


Guam-Yokohama 

May 26-June 5 

37 

22550 

4570 

13610 


Yokohama-San Francisco 

June 25-July 28 

74 

4450 

700 

2490 


San Francisco-Honolulu 

Sep. 3-Sep. 22 

18 

5670 

1380 

2850 


Honolulu-Pago Pago 

Oct. 3-Nov. 17 

124 

2250 

310 

1100 


Means, Pacific Ocean. 

635 

6090 

960 

2350 

Means for whole cruise. 

755 

5320 

810 

2200 


Diurnal variation of concentration of condensation-nuclei and of certain atmospheric- 
electric elements in Washington, D. C. G. R. Wait. Terr. Mag., vol. 36, 
111-131 (June 1931.) 

Diurnal-variation observations of the concentration of condensation- 
nuclei in the atmosphere and of certain meteorological elements have been 
made simultaneously with those of the potential gradient and of the electric 
conductivity of the atmosphere. The diurnal-variation curve for condensa¬ 
tion-nuclei is similar to the general temperature curve in that high values 
occur during the daylight hours and low values during the night. The curve 
is somewhat similar to that for the potential gradient and in a very general 
way inverse to that for the atmospheric conductivity. The rate of ionisa¬ 
tion, calculated from the linear recombination law, shows a diurnal-variation 
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curve very similar to that for the negative air-earth current as computed 
from the potential gradient and the negative conductivity. 

The results of this investigation suggest that relative humidity is not a 
large factor in determining the number of nuclei present in the atmosphere. 
Calculated values of negative conductivity by means of both tine linear 
recombination law and the square-root law show fair agreement with the 
observed values of the conductivity—neither shows any decided advantage 
over the other. 

Several mechanisms whereby the diurnal variation of potential gradient 
at Washington may be accounted for through the observed number of con¬ 
densation-nuclei, charged or uncharged, are considered. In view of the 
known universal character of the diurnal variation of the potential gradient, 
it was considered necessary to explain only a portion of the diurnal varia¬ 
tion through some such mechanism. On the basis of experimental results it 
is shown that this portion may be entirely accounted for through variation 
in height and in density of a local space-charge. The necessary variation 
in height can be satisfactorily explained through the action of local convec¬ 
tion currents in the atmosphere while the required variation in density can 
be explained through a variation in the number of condensation-nuclei. 

Evidence is presented in support of a theory that the secondary minimum 
in the potential-gradient diurnal-variation curve, occurring at many land 
stations during the warmest time of the day, is produced through the 
mechanism of convection-currents in the atmosphere. 

Rapid fluctuations in air potential at Watheroo as shown by the daily electrograms. 

G. R. Wait. 

The investigation into the rapid fluctuations in air potential at Watheroo, 
reported in last year’s annual report (pp. 318-319), has been continued. 
During October 1930 records were obtained of the potential gradient on the 
top of a tower about 30 feet above the ground-level in addition to the regu¬ 
lar records. The electrograms from the tower-station as well as those from 
the Observatory’s recorder near ground-level were examined for fluctua¬ 
tions. The amplitudes of fluctuations were measured by means of a scaling 
glass as heretofore and in addition the records from the regular recorder 
were measured by the use of the Department’s ordinate-change integrator. 
The diurnal variation in fluctuations was compared with the diurnal varia¬ 
tion in wind velocity as recorded with the anemometer. 

The diurnal variation in fluctuations of air potential from the regular 
recording station is almost identical with that from the tower-station both 
in character and absolute value, and both greatly resemble the diurnal 
variation in wind-velocity. The results obtained with the ordinate-change 
integrator are in excellent agreement with those obtained with the scaling 
glass. The ratio of the former to the latter values gives the number of 
half-periods per hour which was found to be about 15. 

Fluctuations is electric conductivity of the air as shown by the daily electrograms. G. R. 

Wait. 

The negative conductivity records from Watheroo for ten dayrf during 
October 1930 have been examined for rapid fluctuations. By means of the 
Department’s ordinate-change integrator a diurnal variation in the fluctua¬ 
tions was obtained. The diurnal-variation curve, contrary to that for the 
fluctuations in air-potential, shows little similarity to that for wind velocity. 
It shows, however, considerable similarity to the curve for the ratio of 
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negative to positive conductivity and also to that for the reciprocal of the 
potential gradient. 

The measurement of condensation-nuclei with an Aitken counter. G, R. Wait. 

In an abstract on the measurement of condensation-nuclei with an Aitken 
counter in the annual report for 1928-29 (pp. 268-269), the lack of agree¬ 
ment on the part of observers regarding the proper procedure with an Aitken 
nudei-counter was indicated. Some count only those nuclei falling on the 
first rarefaction, while others count those falling on subsequent rarefactions 
as well. The Department results indicated that particles which fall on 
subsequent rarefactions have somewhat different characteristics than the 
other particles. In such case, the constants of the instrument should be 
based on the counts made on subsequent as well as on the first rarefaction. 

More definite information has now been obtained on this point by two 
sets of experiments. In the first, a nuclei counter was so arranged as to 
permit expelling into the outer air—instead of back into the receiver—the 
air that had been drawn into the pump during a rarefaction. The pressure 
of the air inside the receiver was again brought to outside pressure by 
admitting purified air (that is, air freed from nuclei) into the receiver. The 
general procedure was (1) to purify the air inside the receiver which is at 
outside pressure, (2) to select a suitable setting of piston admitting impure 
air into the receiver and expelling the air in pump into the outer air, (3) to 
make rarefaction and count number of nuclei falling on given square, (4) to 
expel into outer air the air in the pump-chamber, and (6) to admit purified 
air into the receiver until the pressure there equaled that outside. The last 
four operations were repeated until no further deposition of particles was 
obtained on rarefaction. Alternate sets were made with this and with the 
regular method in which particles falling on all rarefactions were counted. 
In the second experiment, two nuclei counters were so modified as to make 
possible the expulsion of air which had been drawn into the pump-chamber 
during a rarefaction and at the same time permit admitting air, which had 
been drawn into the pump-chamber of one counter, into the receiver of 
the other counter and there tested for the presence of nuclei. The results 
of both experiments were in agreement with the results of the investigation 
made in 1928 and suggest that the instrumental constants should be based 
on counts made on subsequent as well as on the first rarefaction. 

A large-ion counter for studies in atmospheric pollution. G. R. Wait and O. W. Torreson. 

In a program of study in atmospheric pollution begun by the Department 
of Terrestrial Magnetism this year, a large-ion counter has been constructed 
at the Laboratory in Washington, D. C. The apparatus is designed after 
the Ebert method with certain modifications as suggested by Swann. 1 Fol¬ 
lowing the Swann modifications, three concentric cylinders are employed, 
the outermost being earthed, the intermediate being connected to a source 
of high potential (approximately 1400 volts), and the inner, or central, 
cylinder being connected to a single-fiber (Lutz) electrometer having a 
sensitivity of about 15 divisions per volt. The potential on the fiber is 
never allowed to depart more than a few tenths of a volt from that of the 
outermost cylinder. Also, the intake end of the cylinder-system is provided 
with a shield which prevents the charge on the intermediate cylinder from 
affecting the number of ions entering the apparatus. 

The central and intermediate cylinders are separately supported from the 
outermost .cylinder on arrangements of amber insulators. The difference in 

1 Terr. Mag., vol. 19, 171 (September 1914). 
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radii of the central and intermediate cylinders is approximately 6 mm. 
and the length of the system about 175 cm. The measured capacity of the 
complete apparatus has been found to be 359 cm. A small-ion counter, also 
embodying the Swann modifications, has been attached at the intake-end of 
the apparatus, so that the small-ion content and the large-ion content can 
be obtained simultaneously from the same volume of air. The time required 
for one count lies between one and three minutes. 

Preliminary results from measurements on large ions, small ions, and Aitken nuclei at 
Washington, D. C. G. R. Wait and 0. W. Torreson. 

A few measurements have been made on the grounds of the Laboratory of 
the Department of Terrestrial Magnetism on the large-ion content—limit¬ 
ing mobility slightly less than 1/3000 cm. per second per volt per cm.—and 
on the small-ion content—limiting mobility about 1 cm. per second per volt 
per cm.—simultaneously, and from the same sample of air. At intervals 
during the ionic-content measurements, observations were obtained on the 
number of condensation-nuclei with a pocket Aitken counter. 

An average of approximately 5000 large ions, of each sign, was obtained, 
with the number of negative slightly in excess of the positive. The conden¬ 
sation-nuclei were, on the average, twice as numerous. The small ions were 
only about one-fifteenth as numerous as the large, with the number of posi¬ 
tive in excess of the negative. A much larger range of values was found in 
the large-ion content than in either the small-ion content or the number of 
nuclei. 

The measurements were made under “fair-weather” conditions, there 
being on all occasions bright sun, practically no wind, good visibility, and 
temperature ranging between 30° and 35° C. 

The geographical distribution of magnetic disturbance. W. F. Wallis. Terr. Mag., vol. 
36, 15-22 (March 1031). 

This paper gives the results obtained in the continuation of previous 
studies (see pp. 320-321 of annual report for 1929-30) along the same line 
and using additional data. One result obtained before is confirmed, namely, 
the close connection between the intensity of magnetic disturbances and the 
auroral frequency as the magnetic latitude changes. It is found also that 
when we compute algebraic instead of numerical means of the hourly mean 
values of the excess energy due to the disturbance under consideration, the 
average excess energy produced by the storms was positive for the stations 
within the auroral zone, but negative for all the other stations. Evidence is 
presented to show that different types of magnetic disturbances are propa¬ 
gated around the Earth with different velocities. Possible causes of mag¬ 
netic disturbances are briefly discussed. 

Magnetic storm, Apia Observatory, July 9 to 10, 1930. C. J. Westlabd. Terr. Mag., vol. 
35, 258 (December 1930). 

The effect of the sunspot-cycle on the magnetic diurnal variation at Apia. C. J. West- 
land. Terr. Mag., vol. 36, 6-8 (March 1931). 

In this article the data used are the hourly values in magnetic declination, 
D, and horizontal intensity, H, each hourly value having been computed 
from the mean ordinate to the curve during the period of 60 minutes com¬ 
mencing at the Greenwich hour stated. The difference between the highest 
and lowest hourly value in the day is called simply the “Range,” brevitatia 
causa. Results of harmonic analyses are given following the notation H or 
D^m-^ry sin (Ai-H)+r,sin (A a +2t)-|-. 
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Biological effect* of gamma-rays. W. G. Whitman and M. A. Tuve. Phys. Rev., vol. 37, 
330-331 (February 1, 1031). 

Experiments designed to evaluate the precautions necessary for protection 
of those working with very high-voltage vacuum tubes are briefly reported. 
A group of rats was exposed throughout the whole body to the gamma-rays 
from 6 grams of radium filtered through 16 mm. of lead. Blood-counts 
showed that a single massive dose could be as great as one-twentieth the 
lethal dose without showing a measurable change in total count of white- 
blood cells. Death ensued because of damage to blood-forming centers. 
Using dental X-ray films in a lead cassette a test of total exposure, sensitive 
throughout the range 10* 4 to 10 _1 lethal dose, was evaluated and the data 
are given in terms of photometric densities. 

Principal magnetic storm*, Watheroo Magnetic Observatory, January to August, 1030. 

F. W. Wood and W. C. Parkinson. Terr. Mag., vol. 36, 65 (March 1931). 



TORTUGAS LABORATORY 1 

W. H. Lonqlbt, Executive Officer 

The Laboratory was open from June 3 to August 24, during which interval 
the following investigators worked for the periods and upon the problems 
indicated. 

Paul Bartsch. U. S. National Museum. Cerion hybridization. Tortugas 
and Florida Keys. August 13 to 26. 

W. E. Bullington. Randolph-Macon College. Structure and locomotion 
of certain ciliates. July 1 to August 24. 

L. R. Cary. Princeton University. Invertebrate tissue culture. July 29 to 
August 24. 

John Colman. Cambridge University. The superficial structure of coral 
reefs; animal succession on prepared substrata. June 3 to August 24. 
Carl G. Hartman. Carnegie Institution of Washington. The hypophysis 
of fishes. July 16 to July 27. 

Walter N. Hess. Hamilton College. Light receptors and reactions to light 
in Ptychodera and Palolo. June 17 to July 27. 

D. L. Hopkins. Duke University. Amoeba and mycetozoan life-histories. 
June 3 to August 10. 

B. W. Kunkel. Lafayette College. Differential death-rates in a popula¬ 
tion exposed to unfavorable conditions. June 3 to July 27. 

W. H. Longley. Goucher College. Taxonomy and distribution of fishes. 
June 3 to August 24. 

H. W. Manter. University of Nebraska. Tortugas trematodes and their 
hosts. June 17 to August 10. 

A. S. Pearse. Duke University. Ecological succession in a series of brack¬ 
ish water pools: freezing-point of blood of decapod Crustacea from 
different life-zones. June 3 to August 24. 

W. L. Schmitt. U. S. National Museum. Decapod Crustacea; submarine 
cinematography. June 17 to August 10. 

R. G. Stone. University of Missouri. Effect of irradiation by radium upon 
regeneration in marine annelids. June 3 to August 10. 

Geoffrey Tandy. British Museum (Natural History). The superficial 
structure of coral reefs: plant succession upon prepared substrata. 
June 3 to August 24. 

J. P. Visscher. Western Reserve University. The barnacles of Tortugas 
with special reference to their larvae. June 3 to July 13. 

Shigeo Yamanouchi. University of Chicago. The life-histories of marine 
g®. June 3 to July 13. 

As a result of the larger number of workers and a considerable increase 
in the average length of their stay, demands made upon laboratory equip¬ 
ment and personnel were much greater than usual. Recent improvements, 
however, enabled thesp to be met without difficulty. Special mention should 
be made of the greater usefulness of the Darwin, since her seaworthiness 
and speed have been increased by remodeling and the installation of a new 
and more powerful engine. 

1 Situated at Tortugas, Florida. 
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Upon the whole, gratifying success attended investigators’ efforts, although 
the results in a number of instances remain to be worked out in part. The 
following comments upon some of the researches in progress may make the 
general trend of developments clearer. 

Availing himself of Dr. W. R. Taylor’s earlier work, Dr. Yamanouchi 
improves our acquaintance with the algs and prepares the way for fruitful 
ecological and physiological studies. 

Messrs. Tandy and Colman is one phase of their joint labor extend the 
analysis of superficial structures of coral reefs to a type not observed by 
the recent Barrier Reef Expedition, of which they were members. In 
another, through study of ecological succession upon prepared substrata, 
they make a promising attack upon the problem of specific adaptation to 
environment. 

Adjustment of organism to environment ip illuminated from another 
point of view by Dr. Pearse’s findings regarding the concentration of salts 
in the blood of decapod Crustacea living in different relation to the sea, and 
by his observations upon the succession and the interrelations maintained 
between the organisms occurring in a series of brackish water pools whose 
physical differences and whose populations he has studied in great detail. 

Dr. Bartsch’s discovery of additional natural cerion-hybrids affords him 
further opportunity to study the possible relation of hybridization to species¬ 
making. 

Dr. Kunkel attempts to discover whether the high death-rate resulting 
from exposure of a population to unfavorable conditions bears equally 
upon all classes in- the exposed group. Despite their theoretical interest, 
biological literature includes the results of relatively few such studies. 

It is customary to count the range of species in square miles, or such 
other conventional units of area as may be convenient. Available data, 
however, for the quantitative study of geographical distribution are meager, 
and the labor involved in increasing their body materially according to the 
usual method is colossal. Substitution of vertical depth for horizontal 
extension of range would, under certain circumstances, simplify the under¬ 
taking. 

In parasitic groups to use instead of customary measures the number of 
host species parasitized is merely to substitute one form of grid for another 
which may be employed more advantageously. This fact lends unique 
interest to Dr. Manter’s intensive study of the trematode parasites of 
TortugaB fishes. 

Dr. Stone’s research is made possible by the Radium Chemical Com¬ 
pany and the National Research Council. Light upon the cancer problem 
may come through such investigations as his. It is to be hoped he may 
carry his inquiry further during another season or seasons. 

Dr. Cary’s newly developed technique for the growth of invertebrate 
tissues in vitro promises to make possible a new and fruitful attack upon 
problems of differentiation. 

Buildings and boats remain upon the whole in excellent condition, in 
care of John W. Mills, chief engineer. The Velella, however, after more 
than 20 years service should be reconditioned before being put into com¬ 
mission again. 
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Report on Cerion Colonies Planted on Florida Keys, by Paul Bartsch 

Arriving at Key West on August 12 a gathering of Cerion incanum was 
made on that island near the Fisheries Station to be carried to the Tortugas 
in case they should be needed for detailed breeding experiments there. The 
two colonies of Bahama Cerions planted in the Fisheries Station were 
examined and one of them was found to be just holding on and no more. 
The trip to the Tortugas was made on the Anton Dohm on August 13. The 
time between August 14 and 27 was spent in examining Cerion colonies on 
Loggerhead and Garden Keys; also in taking some photographs of the bird 
rookeries on Bird Key. 

Since our last visit this island has been greatly reduced in size and com¬ 
pletely denuded of its trees, and almost of its shrub vegetation. Only a 
single small coconut tree of the many planted by the Biological Survey 
remains to furnish a bit of shade. This change of vegetation has forced the 
noddy terns to change from a tree-nesting to a sand-nesting habit. The 
Warden’s house on the island is also destroyed; its roof is now resting in 
the sand. A little time was also devoted to the taking of some undersea 
moving pictures, eight hundred feet of film being expended in this enterprise. 

One day was spent with Doctor Longley on the dredging expedition of 
the Anton Dohm. This and Doctor Longley’s other dredging efforts during 
the summer have yielded some very interesting mollusks from deeper water, 
among them a magnificent species of Xenophora, which is named Xenophora 
longleyi. This is probably the largest member of the genus, and represents 
the third species known from the west Atlantic. This will shortly be pub¬ 
lished by the United States National Museum. 

Cerion Colonies 

On Loggerhead Key the colonies of Cerion casablancce and Cerion viaregis 
are in excellent condition. 

The small colony of Cerion incanum between the dining hall and the 
water tower is doing well. 

From the mixed Colony I of Cerion casablancce and Cerion viaregis all 
the dead specimens were gathered—some 200—in order to study them at 
leisure in Washington, to determine if the shells show any signs of hybridiz¬ 
ing of these two species. 

The colony of Cerion crassilabris from Porto Rico, while not in a flourish¬ 
ing state, is, nevertheless, holding its own. On Loggerhead Key all the 
other West Indian transplants have gone under, including the huge impor¬ 
tation of Cerion uva from Curasao. 

The most interesting part of the Cerion problem, however, hinges about 
the low cages, in each of which were planted a specimen of Cerion viaregis 
and Cerion incanum. Six adult specimens of the first generation hybrids 
were obtained, one almost adult, the others young individuals. These we 
have planted in a similarly constructed cage, 6 by 6 feet in size, and it is 
hoped that we may obtain second generation progeny from them. 

No survivors were found on the small islands upon which we have re¬ 
ported previously. 

On Garden Key were found thriving three of the five Cuban species 
planted on the parapet in 1924, namely, Cerion mummia, Cerion chrysalis 
and Cerion tridentata. Two, Cerion sculptum and Cerion species, seem 
not to have survived. 

On the morning of September 22 we set out for Key West on the launch 
Velella, and stopped on Boca Grande Key to determine the state of our 
Cerion viaregis colony there. This place seems to have been persistently 
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burned over, even the Government beacon about which we scattered our 
mollusks failed to furnish protection, as it, too, has been burned down. 

We next visited Man and Boy Keys, and found that on both of these 
islands the places where our colonies had been planted were burned over. 
And, as on Boca Grande, not even a single dead shell was to be found. 

On September 23 we set out for Miami in the Velella, and made our 
first stop on New Found Harbor Key. Here we found the hybrid colony 
of Cerion viaregis X Cerion incanum flourishing. Mr. Munson, the owner 
of the island, has well kept his promise to protect these mollusks. Two 
hundred specimens were taken: 100 for cytological study and another 
hundred for the National Museum collection at Washington. This did not 
make a serious inroad in the colony. 

Our next stop was on Bahia Honda where several surprises met us. The 
first was the finding of a thriving colony of Cerion incanum in the elevated 
sandy stretch of the southeast portion of the island. In all our previous 
visits to this key we were unable to find any living specimens of Cerion 
incanum . Dead shells, it is true, were buried in the sand in many places, 
but so were those of Oxystyla undata. Several hundred of these shells were 
taken for the collection at Washington. 

The second surprise was a hybrid between Cerion incanum and Cerion 
casablancoe. These hybrids occur about the junction of the incanum col¬ 
ony and the colony of Cerion casablancce on the south side of the ditch that 
divides the Cerion casablancoe colony. Judging from the great diversity 
of form among these hybrids, I believe them to represent, at least in part, 
second generation material. Next to the New Found Harbor Key colony 
I consider this the greatest return in the hybridization work. The table on 
page 375 gives the measurements of these mollusks. The specimens are 
now in the collection of the United States National Museum. 

Still a third surprise was a change in size—even apparent in the field— 
in the members of the Cerion casablancce colony on the north side of the 
ditch. A hundred specimens of these yield the following measurements, 
which should be compared with our table of 100 measurements of the check 
series. 1 

Comparing the average measurements, as well as the greatest and least 
altitude and diameter of the check series referred to above with the present 
results, we obtain the following table: 



sa 

Altitude 
of shell 

Diameter 
of shell 

Average.. 


27.19 

18.7 



23.118 

11.592 

Greatest... 

1 ■ 

82.9 

15.6 



28.3 

13 3 

Least. 

■ 

24 0 

11.0 


HUB 

18.5 

10.2 


This shows plainly that there has been a decided tendency toward 
dwarfing in all measurements in this colony; the single increase of 0.3 of a 
whorl in one of the hundred specimens seems negligible. It would be 
interesting to know what the factors are that are responsible for this. This 
table should be compared with the measurements of the specimens from 
Tea Table Key (p. 377). 

1 Carnegie Inst. Wash. Pub. No. 282, vol. XIV, Dept. Mar. Biol., p. 34, 1920. 
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One Hundred Hybrids of Cerion incanum and Cerion easablancee on Bahia Honda Key 


Serial 

No. 

No. of 
whorls 

Measurements 
of shells 

Serial 

No. 

No. of 
whorls 

Measurements 
of shells 

Alt. 

Diam. 

Alt. 

Diam. 



mm. 

mm. 



mm. 

mm. 

1 

10 3 

22.6 


51 

10 6 

23.2 

10.2 

2 

10.2 

22 6 

9 4 

52 

10.1 

22.7 

10.4 

3 

10.4 

22 3 

9.7 

53 

10 5 

23 0 

10.4 

4 

9.9 

22.2 

11 0 

54 

10.2 

22 3 

9 5 

5 

9.7 

20 8 

9 8 

55 

10.2 

22 5 

10 2 

6 

9.5 

20 9 

9.8 

56 

10.0 

22 2 

10 0 

7 

9 8 

21.0 

9.5 

57 

10 1 

21.4 

9.7 

8 

10 2 

21.7 

9.5 

58 

9 5 

21.6 

10 1 

0 

9.4 

19.7 

10 6 

59 

9.3 

21 0 

9 7 

10 

9 3 

19.1 

9.9 

60 

9.6 

21 1 

9 7 

11 

9 2 

22.1 

9 9 

61 

10 5 

23.0 

11 0 

12 

10 3 

21.7 

9.5 

62 

10 6 

24.7 

10.5 

13 

10.2 

22.2 

9 4 

63 

10.3 

22.1 

10 5 

14 

9 5 

* 20 7 

9.8 

64 

10 3 

21 8 

11 0 

15 

10 1 

19.9 

9 5 

65 

10 0 

22 3 

10 8 

16 

10.2 

21.1 

9 2 

66 

10.5 

23.3 

10 7 

17 

9 3 

20.1 

9 8 

67 

10 4 

22.6 

10.5 

18 

9 6 

20 0 

9.4 

68 

10 1 

23 5 

10.7 

19 

9 0 

18.3 

9 0 

69 

10 0 

20.7 

10.4 

20 

8 8 

17.4 

8 4 

70 

9 3 

20 6 

10 1 

21 

10 3 

24 0 

11 3 

71 

10.1 

21.2 

10 8 ; 

22 

10 0 

23 3 

10 7 

72 

9.2 

20 3 

9.9 1 

23 

10 6 

22.7 

11 2 

73 

10 0 

22.5 

10 6 

24 

10.2 

21.9 

9 9 

74 

10.2 

21.2 

11.5 

25 

10 1 

22 2 

10 4 

75 

9.7 

20 9 

10.5 : 

26 

9.4 

21 2 

10 7 

76 

9.5 

20.4 

9.9 

27 

10 0 

22.4 

10 4 

77 

10.2 

21.3 

10.3 - 

28 

9 9 

22 1 

10 1 

78 

9.1 

20 0 

10.4 

29 

9.7 

22 3 

10 2 

79 

8.7 

18.8 

9.9 

30 

9 4 

19 5 

9 8 

80 

9.3 

18.6 

9.7 

31 

9.8 

23 2 

10 6 

81 

10 3 

22.9 

12 3 

32 

10 5 

23.4 

10.1 

82 

9.6 

22.4 

12.0 

33 

10.2 

23.4 

10 2 

83 

9 8 

21.6 

11.7 

34 

9.6 

21 4 

10 7 

84 

9.5 

22.1 

11.6 

35 

9 5 

21.7 

10 7 

85 

9.8 

20.9 

11.2 

36 

9 7 

21.3 

10 2 

86 

9 3 

21.8 

11.9 

37 

9 4 

21.2 

10.2 

87 

10.4 

21.8 

10 9 

38 

9 6 

20 0 

9 7 

88 

9.5 

21.7 

12.2 

39 

10 0 

20.7 

9 5 

89 

9.7 | 

22.1 

11.0 

40 

10 3 

21 9 

9 9 

90 

9 5 

21.2 

11.5 

41 

11.1 

28.2 

12 3 

91 

10 4 i 

28.9 

12 6 

42 

11.3 

27.4 

10 9 

92 

11 5 

29.6 

12.9 

43 

10 5 

26.3 

11.7 

93 

10.7 

29.2 

12.0 

44 

11 2 

26.9 

11.9 

1 94 

10.7 

28.5 

13.0 

45 

11 4 

27.2 

11 6 

95 

11.0 

28 9 

12.5 

46 

10.7 

26.7 

11 1 

96 

10.5 

27.3 

12.3 

47 

10.9 

26.4 

11.7 

97 

11.0 

27.2 

11.8 

48 

10.8 

25 0 

11 1 

98 

10.6* 

26.7 

12.6 

49 

10.8 

25 8 

10 8 

99 

10.0 

25.3 

12.3 

50 

10.4 

24.9 

11 1 

100 

10.5 

26.1 

lg.8 





Average 

10.046 

22.68 

10.648 





Greatest 

11.5 

29.6 

13.0 





Least 

8.7 

17.4 

8.4 
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One Hundred Cerion oasablancce from the Bahia Honda Colony 



No. of 
whorls 


Measurements 
of shells 

Alt. 

Di&m. 

mm. 

mm. 

26.4 

12.3 

27.8 

13.3 

23.7 

12.7 

26.2 

12.3 

24.3 

11.5 

26.7 

12.5 

26.4 

12.7 

26 4 

11 9 

26.7 

11.9 

27.7 

12.3 

22 1 

11.2 

23.1 

10 9 

20.5 

11.1 

22.8 

10 8 

23 5 

12 5 

28 3 

12 3 

21 6 

11 0 

22.6 

11 4 

23.4 

11.9 

23.7 

11.4 

23 3 

12.0 

23.5 

12.5 

22 6 

12.2 

23 7 

12.4 

25.8 

12.4 

22.4 

11.4 

23 0 

11.5 

20.4 

11.0 

20.7 

10 9 

24 9 

13 2 

25.3 

12.0 

21.6 

10.7 

22.2 

10.9 

i 20 9 

| 11.3 

23 9 

11.3 

20.4 

10.6 

22.3 

11.4 

23 5 

| 11.3 

24.3 

12.3 

24.6 

12.2 

20.1 

10.9 

24.0 

11.0 

23.9 

12.3 

20.1 

10.4 

20 3 

10.4 

22.1 

11.8 

22.8 

11.6 

21.2 

11.0 

23.0 

12.1 

21.0 

11.3 



Average 

Greatest 

Least 


No. of 
whorls 


Measurements 
of shells 




23.118 

28.3 

18.5 
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One Hundred Cerion caaablancce from the Tea Table Colony 


Serial 

No. 

No. of 
whorls 

Measurements 
of shells 

Serial 

No. 

No. of 

Measurements 
of shells 

Alt. 

Diam. 

whorls 

Alt. 

Diam. 

■ 

10.7 

mm. 

28.6 

mm. 

12.3 

51 

11.3 

mm. 

31.2 

m 


11.2 

27.5 

12.4 

52 

10.4 

30.7 

m 'mm 


10 3 

26 0 

11.7 

53 

10.6 

28.2 

HI 


11.1 

32.8 

14.5 

54 

10.9 

29.7 

14.8 

5 

11.3 

29.7 

11.8 

55 

10.4 

28.5 

13.8 

6 

10 0 

25.0 

11.8 

56 

11.5 

31.6 

14.0 

7 

11.2 

29.2 

13.3 

57 

10 5 

27.8 

12.2 

8 

10.5 

27.9 

12.8 

58 

11.2 

28.8 

13.1 

0 

10.7 

29.1 

13.9 

59 

10.6 

26.4 

12.7 

10 

10.0 

25.5 

12.5 

60 

11.3 

30.8 

13.5 

11 

10.7 

27.0 

12.3 

61 

10.2 

27.9 

12.7 

12 

10.4 

27.6 

13.1 

62 

9.8 

27.2 

11.9 

13 

10.2 

24.8 

12.9 

63 

10.7 

27.5 

12.2 

14 

10.6 

29.9 

12.5 

64 

10.2 

26.0 

13.2 

15 

10.5 

28.5 

12 9 

65 

10 5 

28.3 

11.4 

16 

10 4 

30.1 

13.6 

66 

10.1 

26.1 

13.8 

17 

11.2 

31 7 

13.2 

67 

10.4 

28 2 

13.2 

18 

11 0 

29.5 

13.0 

68 

10.5 

27.5 

12.3 

19 

10.7 

26.8 

13.3 

69 

10 3 

26.7 

12 2 

20 

10.4 

27.3 

12.2 

70 

10.0 

27 9 

12.8 

21 

10 1 

25.1 

11.8 

71 

10 4 

26.7 

13.2 

22 

10.8 

27.7 

12.3 

72 

10.3 

27.4 

12.4 

23 

9.7 

26.7 

12.7 

73 

10 9 

28.2 

13.4 

24 

10.4 

28.2 

12.9 

74 

10.1 

26.1 

13.2 

25 

10.1 

27.9 

12.2 

75 

11.2 

31 6 

11.2 

26 

10.1 

27.5 

12.2 

76 

10.3 

25.9 

12 5 

27 

10.6 

26.2 

12.5 

77 

11.2 

28.1 

13.5 

28 

10.0 

25.3 

12 9 

78 

11.3 

29.9 

12,7 

29 

10.1 

25 4 

12.6 

79 

10.4 

26.3 

13.3 

30 

11.5 

30.1 

12 2 

80 

10 6 

29.3 

13.2 

31 

10 4 

27.1 

12 3 

81 ! 

10 9 

28.9 

11.8 

32 

10.5 

29.5 

12 0 

82 j 

9.8 

24.9 

11.8 

33 

11.2 

31.1 

12.9 

83 

10.2 

31.1 

12.4 

34 

10.8 

30.7 

14 3 

84 

10.4 

28.3 

13 8 

35 

10.2 

27.5 

12 4 

85 

10 5 

29.1 

12.7 

36 

10.7 

29.2 

13 8 

86 

10.3 

29.6 

13.4 

37 

11.2 

30.7 

13.2 

87 

10.0 

25.8 

12.3 

38 

10.5 

31.1 

12 8 

88 

11.3 

29.8 

12.4 

39 

10.4 

28 0 

12.6 

89 

10.2 

27 8 

13.2 

40 

11.2 

30.3 

12.5 

90 

10 8 

29.8 

13.5 

41 

9.5 

23.8 

12.8 

91 

10.1 

28.0 

13.1 

42 

10.6 

29.2 

12.4 

92 

11.3 

29.0 

12.2 

43 

10.4 

28.4 

12 8 

93 

10.2 

24.9 

11.8 

44 

10.2 

28.9 

13.4 

94 

10 8 

27.1 

11.4 

45 

10.3 

27.7 

13 1 

95 

11.2 

27.6 

12.1 

46 

10.2 

28.0 

12.8 

96 

10.4 

27.5 

13.3 

47 

10.9 

27.6 

12.7 

97 

10.6 

29.5 

14.8 

48 

10.1 

25.9 

12.7 

98 

10.3 * 

28.7 

12.4 

49 

10.5 

27.5 

12.8 

99 , 

10.2 

27.7 

12.3 

mm 

10.3 

25.5 

11 3 

100 

9.5 

25.8 

12 





Average 

Greatest 

Least 

10.537 

11.5 

9.5 

28.097 

32.8 

23.8 

12.793 

15.1 

11.2 
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We next visited Cerion Key, wrongly listed as Duck Key in 1912 when 
we planted 600 of Cerion viaregis there. As on our several previous visits, 
not a trace of Cerion was to be found, the rank grass seems to have com¬ 
pletely swamped them. 

Anchoring near Tea Table Key for the night, that island was visited at 
dusk and we were pleasantly surprised to find the colony of Cerion casa- 
blancce flourishing to such an extent that it was easy to pick up, by moon¬ 
light, a hundred specimens from the vegetation bordering the north shore 
of the island. These are now in the United States National Museum, and 
measure as shown in the table on page 377. 

A comparison of the average measurements, as well as the greatest and 
least altitude and diameter of the check series with similar measurements 
of the specimens from Tea Table Key, yields the following figures: 



No. of 
whorls 

Altitude 
of shell 

< 

Diameter 
of shell 

Average . 

10.92 

27.19 

18 7 


10 637 

28.097 

12.793 

Greatest... 

11.1 

82.9 

15.6 


11.6 

32.8 

16.1 

Least. 

10.0 

24.0 

11.0 


9.6 

23 8 

11 2 


This shows that the Tea Table colony has continued to breed true to type. 

On August 24 we visited Indian Key where a careful search failed to 
show Cerions. This colony, too, is extinct. Later in the day Sands Key 
and the Ragged Keys were subjected to an equally careful search, but all 
failed to reveal Cerions. The colonies near Miami must therefore be con¬ 
sidered wiped out—one of the results of the Florida boom, which changed 
these keys from primitive tangles into estates and building lots. 

Variation in the Distribution of Ciliates at Tortugas 1980-81, 
by W. E. Bullington 

My summer was spent in studying the morphology, taxonomy and spiral¬ 
ing in several new species of ciliates and in a continued study of the same 
matters, in certain species of Frontonia, Coleys, Peritromus, etc., seen last 
year. Some of the results will be published soon. 

Difficulty was experienced during the first part of the summer in locating 
the ciliates wanted, or for that matter any ciliates at all. Most places 
containing rich cultures during the summer of 1930 contained practically 
nothing this year. The two species of Cole-ps found in the waters imme¬ 
diately surrounding Loggerhead Key last year were not found there this 
season. The red Stentor found in the larger pool on the west side of Fort 
Jefferson, Garden Key, could not be found this summer in that pool or 
elsewhere. The pool on East Key from which one new species of Frontonia 
was found last year was entirely gone, and cultures made from floating 
sargassum, algae and turtle grass taken from the water along the beach 
around this island failed to produce any. The two species of Frontonia 
found in the two small ponds on Long Key last season were not found there 
this summer, although many cultures were taken at various times. 

Finally, near the close of the season, a small pool was found containing 
the above species, as well as a great many others, in abundance. It was 
far out on the point of Bush Key and was discovered by Dr. Hopkins in his 
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search for Amoebae. It proved to be the richest yet found at Tortugas. 
At low tide it contained very little water, but a great amount of algse. No 
reason was found for the abundance of ciliates but the presence of algae. 

Report on Invertebrate Tissue Culture, by L. R. Cary 

The methods of tissue cultme in vitro have yielded valuable results when 
applied to warm-blooded animals and to a very few invertebrates. The 
necessity for asepsis for success in this technique has limited its availability 
to surroundings where conditions could be rather carefully controlled, as 
contrasted to those usually prevailing at a seashore laboratory in summer. 

A procedure developed during the past winter in culturing regenerating 
tissues of the earthworm Lumbricus terrestris seemed to offer some prob¬ 
ability of success when applied to marine invertebrates. My time while 
at the Tortugas Laboratory was consequently devoted to this work. 

To conform as closely as possible to the demands for asepsis, all glass¬ 
ware was sterilized in a hot-air sterilizer. All fluids used, beginning with 
the sea-water in which the animal was placed, were sterilized by being 
passed through a Berkfield or Seitz filter. If small the entire animal was 
submerged, or the portion of its body from which cultures were to be made, 
in the case of large animals. This procedure was made routine because 
some of the fluids could not be autoclaved without undergoing detrimental 
changes, and it was thought desirable that all should be subjected to the 
same sterilizing method. 

Animals with a chitinous or other hard exoskeleton were first rinsed in 
60 per cent alcohol. Those without such a protection were repeatedly 
washed in sterile sea-water before operation. 

After the desired part of the body of any animal had been removed, it 
was placed in a dish of sterile sea-water. If sufficiently tough, it was seized 
in the jaws of an artery forceps so that it could be shaken vigorously. 
Here the amount of tissue likely to be needed for the cultures to be 
made at that time was selected. This was then transferred to the first 
of a series of eight Petri dishes, each containing sterile sea-water to which 
about 10 per cent commercial hexylresorcinol solution had been added. 
The tissue was briskly agitated in this solution and transferred to the next 
dish where it was again washed vigorously until the last of the series of 
dishes was reached. All metal instruments were sterilized by being placed 
in a vessel of 95 per cent alcohol, from which they were removed to dry 
in the folds of a sterile towel. New sterile forceps were used at the transfer 
from each dish to that next in series. When haste was imperative, or 
drying of the instruments following some earlier step had been neglected, 
the alcohol was burned off and the instrument cooled in sterile water. 

Following this series of washings, the tissue was transferred to small Petri 
dishes of the fluid in which the cultures were to be made. Then each piece 
was cut into fragments of small size, so that explants of not more than 0.5 
mm. would be obtained. If some particular tissue element was desired, the 
final fragmentation was done under a dissecting microscope. When the 
piece of tissue was all of one kind, it was simply cut with scissors‘until 
fragments of sufficiently small size were obtained. 

The cultures were made in the usual manner, using one of a number of 
solutions as the medium. Migration and multiplication were obtained 
with the following solutions: Locke’s solution, Goldschmidt’s solution, 
normal sea-water, V 2 sea-water, Locke-Lewis solution, Goldschmidt’s solu- 
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tion + 0.5 per cent dextrose, % sea-water -f 0.5 per cent dextrose, Tyrode 
solution, Drew's solution, and a series of solutions, in which the salt con¬ 
tent of Locke’s, Goldschmidt’s, Locke-Lewis’, Tyrode’s, and Drew’s solution 
was doubled. 

The A of Tortugas sea-water is 2.04, that of Goldschmidt’s solution 0.50, 
and that of the solution with twice this salt concentration 0.93. Growth 
seemed to be, for the tissues studied, most active in the solutions of the 
latter concentration. This general concentration was, therefore, used in 
all of the later work. 

Lacking the usual materials available for making bouillon, the muscles 
of Strombus gigas were put twice through a meat chopper. 500 grams of 
this were added to two liters of waters, containing 10 grams NaCl. After 
cooking 30 minutes, the broth was filtered. Twenty grams of peptone were 
dissolved in the filtrate, which was then cleared with egg white, filtered 
and finally sterilized by passing through the Seitz 'filter. 

The addition of from 5 to 10 per cent of this snail bouillon to the cul¬ 
ture medium greatly increased both the rate and extent of cellular migra¬ 
tion and multiplication. Offsetting this advantage was the even more 
marked increase in the growth and reproductive activity of any bacteria 
which had come through the washings still attached to the tissues. Indeed 
cultures made with the bouillon-containing medium would quickly show 
bacterial contamination, while those made from the same dish of tissue 
fragments in the bouillon-free medium would show no infection for days. 

To secure the advantages of the bouillon-containing medium without 
the development of severe infection by bacteria, the expedient of adding 
hexylresorcinol (liquor hexylresorcinolis 1:1,000) apparently had no recog¬ 
nizable detrimental effect upon the tissues in any cultures. By varying 
the concentration of the bouillon, the rate of growth could be so controlled 
that by making at one time cultures using 2.5 bouillon in one lot and 
10 per cent in another, the latter would have passed through the stage of 
greatest activity and become relatively quiescent before those in the less- 
concentrated medium had displayed any marked activity. 

By following the procedure outlined above, cultures of various tissues of 
Ptychodera sp. were kept in good condition for fourteen days, during a 
period when the daily maximum temperature ranged from 85° to 95° F. 
In some instances the cilia on the explant were still normally active and 
those specimens in which muscular activity was observed from the start 
were still undergoing contraction (generally rhythmical) at the end of 
the period of observation. Migration or multiplication had long since 
ceased and the once active cells had relapsed into a quiescent state. 

No attempts were made to establish pure cultures of different cells by 
subculturing from the original slides. 

Actively growing cultures were obtained from the tissues of the following 
animals. The extent of activity varied for the different organisms. The 
snail, Aetroea, and Ptychodera gave in general the best results, every 
culture of several hundred from both these showing at least some migration. 

Cnidaria: 

Stoichactis helianthus, pieces of tentacle. 

Aurelia aurita, bell margin at sense organs. 

Briareum asbestinum, body wall of polyp. 

Platyhelminjhes: 

Bdelloura Candida , fragments taken indiscriminately from body of 
worm. 
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Annelida: 

Sabellid worm, regenerating posterior end. 

Mollusca: 

Astrasa longispina, gonads of male and female, “liver,” kidney, gill 

Strombus gig as, cerebral and pleural ganglia, mantle margin. 

Crustacea: 

Pamuliris argus, nerve cells of cerebral ganglia, hepato-pancreas. 
Echinodermata: 

Centrechinus setosum, lining of intestine, gonad, nerve cord. 

Tripneustes esculent a, lining of intestine, nerve cord. 

Chordata: 

Ptychodera species, tissues from “tongue,” collar, dorsal hepatic region, 
posterior end of body. 

The Fish Hypophysis, by Carl G. Hartman 

My 1931 visit to Florida had two objects: (1) to collect shark hypophy¬ 
ses at the extensive fisheries maintained* by the Hydenoil Products, 
Inc., at Big Pine Key, readily accessible from Key West; and (2) to study 
the availability of Teleost as well as Selachian material for physiological 
studies at the Tortugas Laboratory of the Carnegie Institution of Wash¬ 
ington on Loggerhead Key. Since, however, the Hydenoil fishery had been 
discontinued, I hope temporarily, the entire two weeks were devoted to 
the second objective. 

My interest in sharks grew out of my studies on menstruation and an 
attempt to correlate into one physiological system the various forms of 
uterine bleeding. Upon our discovery of an uterine bleeding which in¬ 
variably accompanies pregnancy in the monkey and appears about the 
time the menstrual flow would have begun in the absence of conception, it 
seemed reasonable to homologize the two forms of bleeding and even to 
assume that both are due to a common underlying cause. Such a cause, 
contrary to the commonly accepted theory of menstruation which now occu¬ 
pies a prominent place in all textbooks, and is taught in all schools, I have 
sought outside the ovaries. Some preliminary experiments carried on in 
conjunction with my colleagues Firor and Geiling would seem to place 
the responsibilty for the menstrual flow upon the anterior lobe of the 
hypophysis. 

If, then, the menstrual bleeding and the hemorrhage into the pregnant 
uterus of the monkey and of women are homologous, we should expect 
the causative factor that conditions bleeding into the fertile brood-chamber 
to be common to all vertebrates. The phylogeny of menstruation or better 
of uterine bleeding, therefore, has a history as ancient as that of vertebrates 
themselves, and we have to go back to the Selachians for the beginnings. 
For in all classes of vertebrates except the birds, there appears here and 
there the gestational or placental form of reproduction. In sharks and 
rays, in Teleosts and Salamanders, bleeding into the brood-chamber has 
been repeatedly described. Inasmuch as the anterior lobe of the hypophysis 
is known to preside over the generative functions in the lower as well as 
the higher forms and inasmuch as we have demonstrated the connection 
between the anterior lobe and uterine bleeding in the monkey, it seemed 
but reasonable to suppose that the hypophysis of a pregnant shark or< 
a male with ripe sperm should differ very essentially from that of a sexually 
inactive animal. 
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For the purpose of testing out these assumptions, 50 brains of 20 species 
of fishes, some sexually active, some non-breeding, were collected and 
appropriately fixed. The collection includes a dozen mature pipefishes, 
of which four males contained eggs in the brood-pouches. It is possible 
that a study of these hypophyses may contribute to our knowledge of the 
fish hypophysis and point the way toward further study. 

Incidentally I applied with success a method of freeing the eggs of the 
fish ovary so that they can be counted volumetrically as readily as count¬ 
ing red blood cells. The method is as follows: 

Weigh the ovaries. 

Remove and weigh a portion out of the middle of an ovary. 

Immerse sample in 25 per cent HC1 over night. 

Soak in distilled water for 4 or 5 hours. This swells the connective tissue, 
which disintegrates, setting free the eggs. Shakq in a flask or bottle until 
there is a smooth suspension. (The larger masses of tissue that remains 
are epithelial and contain a negligible number of eggs.) Make up the 
fluid containing the eggs to a convenient volume and count samples of 1 c.c. 
removed after thorough stirring. 

Example: 43.5-inch barracuda caught by Dr. Bunker on July 23, 1931. 

Weight of ovaries 224 grams. 

Weight of sample 6.4 grams. 

Result of 4 counts: 167, 142,193,169 eggs per c.c. 

Average in 1 c.c. 168 eggs. In 800 c.c. 800 x 168 eggs. In both ovaries 

OOA 

X 800 x 168 eggs = 4,410,000 eggs. 

6.4 

Relation of Function to Structure as concerns Photic Stimulation in the 
Atlantic Palolo Worm and a Balanoglossid, by Walter N. Hess 

Continuing my work on the relation of function to structure, as far as 
photic stimulation in animals is concerned, I made a study this summer of 
the Atlantic palolo worm, an annelid possessing eyes, and a balanoglossid, 
one of the primitive chordates. 

Atlantic Palolo Worm (Leodice fucata Ehlers) 

This animal was very abundant in burrows in the coral rock on the reefs 
near the Tortugas laboratory. Its reactions to light were studied not only 
as a basis for a histological study of photoreceptors, but also for the purpose 
of explaining, if possible, the behavior of the animal at the swarming period. 
The following observations were made. 

1. The Atlantic palolo worm is negative to all ordinary intensities of 
light, but it reacts positively to very weak light, in keeping with its noc¬ 
turnal feeding habits. 

2. If the brain is removed, these animals are negative to low illumination 
to which normal animals are positive, indicating that the brain functions 
in positive response. 

3. The removal of the eyes, provided that the underlying brain tissue 
is not injured, has no apparent effect upon the animal's reactions to light. 
Further study will be made of this eye since it would seem from this pre¬ 
liminary study that it functions, contrary to the usual belief, as a visual 
organ and not as a photoreceptor. 

4. By means of a pinhole light it was found that all segments of the 
animal are sensitive to light, but that the light-sensitive areas are confined 
to the median dorsal and lateral regions, except at the extreme ends of the 
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body. The animal is not sensitive to light stimulation in the marginal 
regions between segments, or on the ventral surface except in the anterior 
and posterior regions. 

5. As the swarming season approaches, the caudal ends of mature worms 
become positive to low illumination, and when severed from the asexual 
anterior portion the caudal part swims toward a weak light in a spiral path. 

The Balanoolossid (Pttchodeba sp.) 

A study of the light reactions and habits of this animal show that: 

1. The animal is negative to all ordinary intensities of light. Unlike 
the palolo worm, it shows no tendency to react positively to low illumi¬ 
nation. 

2. Unlike the palolo worm this animal is apparently sensitive to light 
stimulation throughout the extent of its epidermis. Only slight reactions, 
however, were obtained by stimulating the midventral surface except near 
the anterior and posterior ends. No response was obtained by attempting 
to stimulate the gill clefts or the hepatic organ. 

3. By means of a pinhole light it was found that the proboscis is most 
sensitive to light. The collar and the caudal tip of the body are about 
equally sensitive to light but are considerably more sensitive than the 
middle region. 

4. By means of operations followed by photic stimulation, it was shown 
that the portion of the body possessing the basal part of the proboscis, 
the neck, reacts negatively to light, but that when the neck is absent, all 
ability to orient to light stimulation is apparently lost. This would seem 
to suggest that the neck possesses a specialized nervous center which con¬ 
trols this phase of the animal’s behavior. 

A histological study of the organs concerned in photic stimulation in these 
animals will be published at an early date. 

Study of the Life-histories of Two Marine Amoebae and a Mycetozoan, 

by D. L. Hopkins 

It has long been suspected that amoebae have complicated and varied 
life-histories. A clone of the species Flabelhda mira Schaeffer (clone No. 
1 of my 1930 report) has been cultured in a medium, made by adding wheat 
to natural sea-water, for over twenty months without any marked changes 
in form and behavior. Their size and shape during locomotion seem to 
vary around a norm which remains constant. Their life-history in this 
medium is simple, consisting of division by fission when food is plentiful; 
and when food is scarce or the culture medium becomes very concentrated 
they encyst, excysting readily when food is supplied and the medium 
properly diluted. Under unfavorable conditions a process of clumping may 
also take place, in which the amoebae run together and form a mass or 
compound cyst. In natural sea-water the amoebae of this mass remain 
distinct the one from the other, and when favorable conditions are restored 
they separate and become active again. 

A clone of Flabellula citata Schaeffer has been cultured in a natural.sea¬ 
water wheat medium for four months. Like Flabellula mira they reproduce 
by fission in favorable food conditions, and encyst in unfavorable, but the 
process of clumping has not been observed. 

Dilution of sea-water as much as five times does not alter this cycle of 
changes in either of the two species. However, ten times dilution or more 
initiates striking changes in both F. mira and F. citata. In dilute cultures 
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of ten times or more the life>cycle is considerably altered. When first 
placed in sea-water cultures diluted ten or more times, both species divide 
rapidly by fission, resulting in smaller amceb®. The shape ohanges from 
fan-shape to elongat e-limax form and active contractile vacuoles appear. 
On continued culture in this dilute sea-water 'the following life-cycle— 
which is only tentative since the sequence is not fully established—seems 
to take place: After becoming small by rapid fission, the small amcebse 
may encyst, forming cysts 10 n in diameter or smaller, or they may fuse, 
losing their identity and forming a plasmodium-like mass. A return of 
favorable conditions causes the encysted amcebse to become active, and 
in this active stage they may fuse to form plasmodia. The plasmodia give 
rise to small amcebse, and there is evidence of a flagellate stage. The 
amcebse thus derived divide by fission and may again fuse into plasmodia. 

If the above small amcebse in the encysted state are gradually returned 
to natural sea-water, they lose their contractile vacuoles and again take 
on the form and shape of the original F. mira or F. citato, from which they 
were originally derived. Thus far the average size has not attained the 
original size characteristic of cultures in natural sea-water, but at present 
the largest of them are larger than the smaller of the parent amcebse which 
have remained in natural sea-water. 

A Mycetozoan 

There appeared in a culture, made up by diluting sea-water twenty times 
and adding wheat, a large amceboid form having all the characteristics of 
a mycetozoan plasmodium. It was peculiar, however, in that it was fruit¬ 
ing while in water. Its life-history was observed and found to be typical 
of a mycetozoan. The steps in its life-history observed are as follows: 
The plasmodium gave rise to sporangia and spores, or to sclerotia. The 
sclerotia on being placed under good food conditions in one-twentieth sea¬ 
water gave rise to plasmodia. The spores under like conditions gave rise 
to myxamcebae, which in turn gave rise to myxoflagellates. A fusion of 
several myxoflagellates was observed. The flagellates soon lost their 
flagella and became again amoeboid. Fusion of the amcebse then took 
place forming plasmodia. The myxoflagellates and the myxamoebse divide 
rapidly by fission. The myxamoebse on being cultured in 0.5 sea-water 
or natural sea-water grew and divided by fission, but during one month 
of culturing they have not yet formed plasmodia. Clumping, however, 
without loss of individual identity has been observed. 

It therefore appears that we have here an organism which is typically a 
normal amoeba in concentrated sea-water, but which has a life-cycle typical 
of a mycetozoan in dilute sea-water. 

Determination of the exact systematic position of this organism awaits 
the result of cytological study now under way. 

Differential Mortality in the Hermit Crab, Clibanarius tricolor (Oibbes), 

by B. W. Kunkel 

The purpose of the investigation was to determine whether there is any 
morphological difference between the portion of a population which sur¬ 
vived certain unfavorable conditions and that which succumbed to the 
same conditions. The experiments were an effort to measure the potency 
of natural selection to bring about morphological change, regarding which 
there is very meager experimental evidence. 
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The small hermit crab, Clibanarius tricolor, was selected for the experi¬ 
ments because of its abundance and the amount of information available 
regarding its ability to withstand various unfavorable conditions. The 
general plan of the experiments was to expose the animals to fresh water, 
overcrowding, or high temperature until a certain number were killed. The 
severity of the selection varied somewhat in different experiments, but the 
attempt was made to kill off half of the experimental animals. 

The characters chosen for comparison as a basis for the differentiation 
of the population were the length of the mandible, the length of the 
scaphognathite, and the number of lamellae making up the most posterior 
of the gills. The statistical analysis of these figures is still incomplete 
but there is an indication that in animals above a certain size the number 
of gill lamellae is smaller in those which survive exposure to fresh water 
than in those which succumb to the treatment. On the other hand, in 
small animals the indication is that the animals with the larger number 
of lamellae have the advantage. No steps have as yet been taken to 
correlate the total respiratory surface with the number of gill lamellae 
of the last gill. It was thought that the size of the scaphognathite might 
influence the rate of diffusion of salts and respiratory products through 
the gills by affecting the rate at which the water in the gill chamber is 
changed, but no definite relationship has been established between the 
survivors and the dead in this regard. 

In the experiments on overcrowding, the number which has been meas¬ 
ured thus far is too small to allow of generalization. The survival of 
females, however, is significantly higher than that of males. 

No significant differences with respect to the number of gill lamellae 
have as yet been discovered between the survivors and those which succumb 
to high temperature, although here again the females seem to have a 
marked advantage over the males. 

It is felt that much more extensive data, not only in regard to the size 
of the populations studied, but also in regard to the characters compared, 
are necessary before the problem is brought to a satisfactory solution. 

Observations on Tortugas Fishes, by W. H. Longley 

Special attention has been given during the season to a number of species 
of doubtful standing. As a result it appears that Onathypops maxiUosa 
Jordan and Evermann is not the same as G. maxillosa Poey, and should be 
given a name. It may be called Gnathypops whitehurstii in commemora¬ 
tion of Dr. D. D. Whitehurst, first to collect it at Tortugas. 

Doratonotm boekei Metzelaar, Callionymus sancti eustatii Metzelaar 
and Auchenopterus rubescens Evermann and Marsh should be placed in 
synonymy. The first is based upon a young specimen of Doratonotus 
megalepis Gunther. The second differs only in sex from Callionymus boekei 
Metzelaar. The type and only known specimen of the third is a pale 
specimen of Auchenopterus fasdatus (Steindachner). 

I venture also to place Histioclinus veliger Metzelaar in synonymy under 
Auchenistius stahli Evermann and Marsh and Acanthemblemaria arbores- 
cens Beebe and Tee-Van similarly under Acanthemblemaria spinosa Metze- 
laar. Metzelaar’s figures of both species fail to accord with his text and 
tend to confuse rather than to clarify his descriptions. Paremblemaria 
aspera Longley (Year Book No. 28, Carnegie Inst. Wash.) is identical with 
Beebe and Tee-Van’s A. arborescens. 

Pomacentrus freemani Beebe and Tee-Van will almost certainly find its 
place at last in the synonymy of Pomacentrus partitus Poey. 
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The summer’s work has added about 40 to the species known locally. 
Several of these— Lepophidium sp., Garmannia sp., Evermannichthys 
metzelaari and Cydopsetta fimbriata —were taken in the 10-fathom chan¬ 
nels between Loggerhead and Garden Keys, and about twenty more at 
depths of 40 to 50 fathoms south of Tortugas, where as efficient equipment 
had not been used before in the history of the Laboratory. 

The twenty species last referred to include some that are new, and more 
that are relatively rare. The known ranges of these rarer forms are ex¬ 
tended considerably by the present record. The list is as follows: Aprion 
macrophthalma, Bathystoma sp., prob. aurolineatum, Bellator militaris, 
Centropri8tes ocywrus, Chromis enchrysurus, Diplectrum radiale, Etropus 
sp., prob. rimosus, Engyophrys sp. nov., Hemianthias vivanus, Lutianus 
vivanus, Ogcocephalus nasutus and vespertilio, Prionodes spp., Prionotus 
alatus and steamsi, Upeneus parva and Xyrula jessice. 

One of the most noteworthy things to be learned from observation of 
animals in the field is the definiteness with which their horizontal ranges 
are limited. The bounds may often be stated easily for fishes in terms of 
bottom texture and cover. With these and other marine animals, vertical 
ranges are not usually open to like direct observation and comparison. 
There is, however, a compensating advantage—the vertical ranges of species 
are more readily measured than the horizontal. 

The vertical ranges of 50 species of fishes collected from 2 to 10 times 
each at Tortugas at depths of 40 to 290 fathoms varies, as the record stands, 
from 0 to 203 fathoms, with an average of 64.8. Twenty-five species were 
taken up to 5 times each within a vertical range of 50 fathoms; 17 up to 4 
times each within 20 fathoms or less; and 9 species twice each at depths 
differing by 10 fathoms or less. 

With more intensive collecting the extremes between which these 50 
species may be found will prove, of course, to be more widely separated, 
but clearly there will always be a preponderance of species whose vertical 
ranges are only a small fraction of the maximum attained by some. And 
the numbers in ranges of diminishing magnitude will as clearly fall off 
rapidly at the beginning and more slowly later. Thus the same general 
type of statistical distribution of species by area occupied holds here as 
prevails when horizontal ranges are dealt with. 

Quantitative studies of distribution of species may therefore be based 
more effectively in some respects upon their vertical than upon their hori¬ 
zontal ranges. 

Further Studies on Trematodes of Tortugas Fishes, by H. W. Manter 

Examination of over 500 fishes during the summer of 1931 brings the 
total number of such hosts examined at Tortugas to approximately 1100. 
This work, continued from 1930, results in about 60 additional host species 
and approximately 50 additional species of trematodes, making a total of 
over 190 species of fishes examined and a list of approximately 153 different 
species of trematodes. It is hoped that a study of this material will not 
only contribute to the taxonomy and morphology of the group, but will also 
yield significant data concerning distribution, incidence and specificity, as 
well as form a foundation for life-history work. It is clearly evident that 
the Tortugas region offers a remarkably varied fauna of fish trematodes 
that are^ available from a single center of study. With the probable occur¬ 
ence of *200 species of trematodes from fishes alone, this region bids fair 
to rival or surpass any other locality in variety of trematode species. 
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The following observations concerning trematodes collected are more or 
less tentative since they are based on preliminary study. The figures may 
be altered to some extent after completion of a more thorough study now in 
progress. Twenty families of trematodes are represented in the collection. 
Of about ten species as yet unclassified, it is probable that several will be 
allotted to a new family. The distribution according to families is as 
follows: 


Monogenea 

Microcotylida. 6 

Gyrodactylida . 4 

Diclidophorida . 2 

Octocotylida . 1 

Tristomida . 1 


Total. 14 


Digenea 

Allocreadiida . 45 

Hemiurida. 33 

Gasterostomida . 12 

Monorchida. 10 

Fellodistomida . 7 

Acanthocolpida . 6 

Didymozoonida . 5 

Haplosplanchnida 1 . 3 

Pronocephalida . 2 

Gorgoderida . 1 

Paramphistomida . 1 

Plagiorchida 2 . 1 

Aspidogastrida . 1 

Accacoeliida . 1 

Diploproctodaeida. 1 

Unclassified . 10 

Total. 139 


A number of trawls in depths from 40 to 300 fathoms yielded a great 
variety of fishes, many of which were examined for parasites. Reference 
has already been made to the trematodes of these deep-water fishes (Year 
Book No. 29, pp. 338-339). Additional data tend to confirm the observa¬ 
tions that trematodes flourish fully as well, are fully as varied and abundant 
in the fishes of this relatively deep water; that the trematodes of these 
fishes, although often occurring in several different hosts, are predominantly 
different from trematodes of shallow-water fishes; and that a few species 
common in northern waters are common in deep-water fishes of Tortugas 
but do not occur in the shallow-water fishes there. Thus, of about twenty 
species of trematodes collected from fishes of 50 to 300 fathoms,* three 

1 The genus Deradena Linton possesses a single caecum and is therefore very similar to 
Baplo*plancKnu$ Loose. 

*A specimen of Orchidatma amphiorchis was collected from Coryphwna kippuru* (“dol¬ 
phin”) . This species is common in marine turtles and occurs at Tortugas in the loggerhead 
turtle. No member of this family has hitherto been reported from fishes. Only a single 
specimen was found, but it was fully developed and normal. 
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species are common in fishes of Maine but not in shallow-water Tortugas 
fishes, about three species occur both in deep and shallow-water Tortugas 
fishes, while the others seem to be limited to deep-water fishes. Derogenes 
various has been collected three times from three different hosts, all of 
which were from 120 to 200 fathoms. Lepidapedon rachion has been col¬ 
lected three times from Ccelorhynchus sp. and Lepidapedon elongatum once 
from the same host at depths of 200 to 300 fathoms. Two new species of 
Oonocerca occur, one of them very commonly, in the deep-water fishes. 
One of these Oonocerca species was collected eight times from six different 
hosts, the other was collected twice from two different hosts. Of these ten 
collections, seven were from 200 to 300 fathoms, one from 100 fathoms, one 
from 60 fathoms, and one from 40 fathoms. Neither species has been 
collected from a depth less than 40 fathoms, whereas it can be seen that 
they become very common at a depth of about 200 fathoms. Another 
example of distribution apparently limited to a 'certain depth, but not 
limited to a single fish species, is seen in the case of a hemiurid near the 
genus Hemipera. This species was collected five times from three different 
hosts, but in every case from a depth of 300 fathoms. 

The most widely distributed trematode at Tortugas is a species of 
Sterrhurus tentatively identified as Sterrhurus Iceve (Linton). This species 
occurs in the stomach, usually in small numbers, of over forty different 
species of fishes. It is not restricted to shallow-water fishes and is much 
more cosmopolitan than any other trematode encountered. Several other 
species of Sterrhurus occur less commonly. Sterrhurus monticellii not 
infrequently is associated with Sterrhurus iceve from which it can be dis¬ 
tinguished by its larger ventral sucker and longer vitelline lobes. 

Two species of trematodes were found to be infected with microsporidians. 
Of 53 Sterrhurus monticellii from Gymnosarda alleterata, two were diseased; 
and of 40 Sterrhurus Iceve from the same host, two were diseased. Of two 
Sterrhurus Iceve from Mycteroperca microlepis, both were diseased, while 
a single Sterrhurus monticellii was uninfected. 

Examination of six nurse sharks ( Ginglymostoma cirratum ) of varying 
sizes up to 7 feet in length revealed no infection with “Distomum fenes- 
tratum.” The very heavy infection found in 1930 (Year Book No. 29, 
page 340) remains unexplained. It is recalled, however, that the infected 
shark had remained in an aquarium for several weeks previous to examina¬ 
tion. During this time, an infected molluscan host of the trematode very 
possibly might have been placed by chance in the same aquarium. The 
heavy degree of the infection supports the possibility that the shark was 
actually artificially infected. 

Observations on the Ecology of certain Uttorcd and Brackish Water 
Animals at Tortugas, by A. S. Pearse 

The depression of the freezing point of the body fluids of eight species of 
crustaceans was determined as follows: Gecardnus lateralis Freminville, 
—1.65; Cardisoma guanhumi Latreille, —1.66; Ocypode albicans Bose, 
—1.70; Grapsus grapsus (L.), —1.92; Mithrax verrucosus Milne-Edwards, 
—2.07; Ccenobita clypeatus (Herbst), —2.09; Petrochirus bahamensis 
(Herbst), —2.09; and Panulirus argus (Latreille), —2.20. Sea-water had 
a A of —2.04. The depression is progressively less in passing from crabs 
which live continually in the sea ( Mithrax) to those which live almost con¬ 
tinually on land ( Gecardnus ). This means that land crabs have more 
dilute body fluids than those which live in the sea. On the other hand, the 
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land hermit crab ( Coenobita ) had about the same osmotic pressure in its 
body fluids as a species (Petrochirus) which lived from below low-tide 
mark to depths of a hundred fathoms. The metabolic systems of crabs and 
hermit crabs are apparently different, and different adjustments are made 
when terrestrial life is taken up. 

The animals which lived in five brackish ponds on Garden Key and Long 
Key were studied' during June, July and August. There was a curious mix¬ 
ture of marine and fresh-water species. Needle fishes, mullets, and callia- 
nassas were found living with water bugs, dragon and damsel fly nymphs, 
and dipterous larvae. Dragon fly nymphs and corixas lived in salinities as 
high as 6.2 per cent. 

The parasites of decapod crustaceans showed a considerable degree of 
host specificity. On the whole, there were more parasites associated with 
land than with aquatic types, but certain types of parasites may be said to 
be characteristic of particular habitats. Branchial mites and copepods 
occurred only in strictly terrestrial species. Branchial barnacles were found 
in marine types. Branchial nematodes were more abundant in land than 
in aquatic crabs, but visceral nematodes occurred only in the latter. Cestode 
and trematode cysts were present largely in aquatic crustaceans. Com¬ 
mensal branchial vorticellids were more frequent in intertidal and terres¬ 
trial crustaceans than in those in the ocean. Bryozoans were found in the 
branchial cavities of hermit crabs, but not in those of crabs or macrurans. 
A commensal rotifer occurred in the branchial cavity of a land crab. 

The commensals and parasites in three species of sponges were identified 
and counted. The big loggerhead sponges were found to be veritable living 
tenement houses. One sponge which was brought up from a depth of ten 
fathoms and had a volume of about 50,000 c.c. contained 13,518 animals of 
the following types: fish, 1; crabs, 6; alpheid shrimps, 12,389; pontonid 
shrimps, 43; phyllocaridan shrimps, 72; amphipods, 19; isopods, 67;‘ 
bopyrid gill parasites (in shrimps), 263; bopyrid abdominal parasites, 81; 
barnacles, 400; and annelid worms, 156. Another larger sponge (185,000 
c.c.) from shallow water contained 17,127 living animals. 

Some Carcinological Results of the Deeper Water Trawlings of the Anton 
Dohm, including Description of Two New Species of Crustacea, 
by Waldo L. Schmitt 

The extent to which the crustacea taken at Tortugas in the course of 
certain hauls with a 30-foot otter trawl will alter the known bathymetric 
and geographic ranges of these species will not be fully known until the 
collections have been more completely studied. 

The fauna of the region is proving even richer, more varied and more 
replete with surprises than anticipated from the accomplishments of past 
seasons. 

To the Carnegie Institution and its yacht, the Anton Dohm, this year goes 
the double distinction of having brought to light the largest as well as the 
smallest known specimens of that giant among isopod crustaceans, Bathy- 
nomus giganteus Milne-Edwards. The largest specimen is indeed of im¬ 
posing proportions. It is a male and measures over all, from the dypeal 
point to the end of the median spine of the telson, full 14 inches, just about 
356 mm., thus surpassing by more than 3 inches the length of the largest 
specimen hitherto known. Its greatest width across the epimera is 6% 
inches. The smallest specimen is scarcely more than 1% inches long, and 
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it is a little wore than Vs inches wide over all. There is no external evi¬ 
dence as to its sex . 1 

Of no less interest is the capture by the Dohm of an ovigerous female, 
the second of its kind. The only other female with eggs was taken by the 
Indian Marine Survey Investigator in the Bay of Bengal. The length of 
the one taken by the Dohm exceeds that of the Investigator specimen by a 
shade more than 1% inches, the measurements being 9% inches as compared 
to almost 8 inches. The Dohm specimen is 3% inches wide. Within its 
brood pouch were found 32 eggs. The Investigator specimen carried 26 
eggs and 8 empty shells “probably from a former brood.” The eggs of the 
Tortugas specimen were as described for the one from the Bay of Bengal, 
“of a pale yellow colour, . . . seemed to be quite undeveloped, being 
entirely made up of liquid yolk material enclosed iq a thick parchment-like 
shell.” These eggs, of which part are in alcohol and part in formalin, 
appear to be about the same size as when fresh; if anything, they are 
slightly shrunken, ovoid in shape, and apparently slightly larger than the 
Indian ones, measuring 13 by 11 mm. . 

I have examined the pleopods of several specimens and find the plates 
in the articulating membrane about as those figured by Lloyd (Mem. Indian 
Mus., vol. 1, No. 2, 1908, pi. 10, fig. 3), and the latter in turn correspond 
rather closely with the drawing given by Bouvier (Mem. Mus. Comp. Zool., 
vol. 27, No. 2,1902, pi. 6, fig. 1). The “fossette d’insertion ...” of Bouvier 
corresponds in size and position with Lloyd’s plate “2,” and, judged from 
the specimens at hand, is of essentially the same composition as the other 
plates in this articulating membrane. However, plates “3” and “4” of 
Lloyd are not disarticulated as he shows them but rather directly connected 
somewhat as Bouvier indicates, but with more of their extent in contact, 
with a suture line marking their juncture. 

Bathynomus giganteus, as is well known, is found in the Gulf of Mexico 
and in the Bahamas, as well as in the Indian Ocean and the Bay of Bengal. 
The new species of swimming crab taken last year and since described as 
Benthocascon schmitti (Rathbun, Jour. Wash. Acad. Sci., vol. 21, No. 6, 
1931, p. 125) also finds its nearest relative and the only other member of 
the genus, B. hemingi Alcock and Anderson, in the Indian Ocean. Last 
year the four specimens of B schmitti were brought up from 180 fathoms. 
This year ten specimens were obtained, seven between 205 and 221 fathoms 
and three between 200 and 253 fathoms. 

To these interesting records may be added the first record of the shrimp 
genus Pa&iphaea not only for the Tortugas region, but for the entire Gulf of 
Mexico and adjacent Caribbean Sea, in the form of a new species described 

1 As regards secondary sex characters, the smallest male and female exhibiting them were 
captured by the Investigator and are respectively about 5% inches and 6% inches long. A 
specimen 3% inches long, taken by the Albatross, is the largest of several small individuals 
which give no external evidence as to their sex. 

In this Albatross specimen from the mouth of Exuma Bound in the Bahamas, 1169 fathoms, 
the last pair of legs reaches the distal margin of the antepenultimate joint of the preceding 
pair. In larger specimens the length of the last pair of legs becomes increasingly greater 
with individual size until they reach nearly to the end of the penultimate joint of the pre¬ 
ceding pair of legs. In specimens smaller than the one from Exuma Sound the last pair of 
legs is, on the other hand, very much reduced in size, at first glance appearing almost as 
fiagelliform appendages, so undeveloped and feeble do they seem to be, though their joints 
are present in full complement. 

There are three specimens in the Dohm collection smaller than the one from Exuma Sound. 
In the two larger, approximately 2 % and 2 Vs inches long, the last pair of legs does not attain 
the end of the basipodite of the preceding pair, while in the smallest, the smallest known 
B. giganteus now on record, they are altogether wanting! 
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below, Pasiphma merriami. In fact, so far as I am aware, no Paeipkcea has 
been taken nearer Tortugas than off Charleston, South Carolina. The 
species which the Tortugas species seems most nearly to resemble are P. 
fiagellata Rathbun,' an Hawaiian species, and P. umspinosa Wood-Mason, 
known from the Indian Ocean (Andaman Sea, Bay of Bengal, and Arabian 
Sea). 

Pasiphaea merriami 1 new species 

An apparently undescribed species resembling P. fiagellata Rathbun 
(Bull. U. S. Fish Comm., vol. 23, pt. 3, 1903 [1906], p. 928, pi. 23, fig. 2, 
text-fig. 78). 

The relative length of the carapace and abdomen is about the same in 
both species, the abdomen, inclusive of the telson, measuring a little more 
than twice the length of the carapace. The carapace, though strongly com¬ 
pressed, is carinate only on the slope of the gastric tooth. The latter is 
somewhat similarly shaped in both species; its extremity falls short of the 
anterior margin of the carapace. The branchiostegal spine is anterior to 
the angle of the branchiostegal sinus and extends a little in advance of the 
front edge of the carapace. The sinus of P. fiagellata is quite pronouncedly 
a right angle, or even a little less, while in the new species it is less sharply 
right angled and forms at times even a wider angle, as in the smaller of the 
two specimens from the type locality. 

The acicle of our species is about two-fifths of the length of the carapace, 
and the telson is between four-fifths and three-fourths of the length of the 
sixth abdominal somite. The telson is but shallowly grooved, the groove 
becoming obliterated for a part of the distal third and again becoming 
faintly evident before the truncate end of the telson. In P. fiagellata, on 
the other hand, the telson is deeply grooved throughout its length, and is, 
moreover, relatively longer than in our species, being but very little shorter 
than the sixth abdominal somite. The dorsum of the sixth abdominal 
somite is very bluntly and broadly carinate; the ridge, if it may be so 
called, is a low, wide, flattened, longitudinal band or area marked off by an 
appreciable angulation where the dorsum meets the sides of the somite. 
This flattened area is wider posteriorly than anteriorly, where, in about the 
anterior fifth of the somite, it narrows markedly and becomes more or less 
obsolescent. The hinder margin of this somite is evenly rounded off behind 
as in P. fiagellata; neither species carries the small median spine or sharp 
projection found in so many species of Pasipheea. On about the whole of 
the third, and for a short stretch at the hinder end of the second, abdominal 
somite there is a weak median dorsal carina which can readily be seen in 
the two larger specimens of the new species before me when the abdomen is 
Carefully dried off for examination. The smaller of the two specimens in 
the type lot seems to show no trace of this faint carination on the second 
and third somites, nor is that of the sixth at all well marked. These may 
be signs of immaturity, but the specimen in actual measurements is not 
so very much smaller than the type. 

Our species may at once be distinguished from P. fiagellata, in lieu of 
other characters, by the armature, or rather lack of and reduction of arma¬ 
ture of the first and second pair of legs. In P. fiagellata the meri of these 
legs are each armed with a row of spinules on the ventral or posterior 
margin, while in P. merriami the men of the first pair of legs are unarmed 
below and those of the second carry each a single stout spine or hook at 

1 Named for Dr. John C. Merriam, President of the Carnegie Institution of Washington. 
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about the beginning of the distal third of their length; thus they are armed 
as in P. unispinosa Wood-Mason with which I would have thought this 
species identical, without comparative material, but for the fact that the 
post frontal spine [gastric tooth] of Wood-Mason’s species “is continued 
backward, almost to the posterior border of the carapace, as a distinct 
carina.” From the figure given of P. unispinosa and of P. sivado (Kemp) 
with which it is compared ( Illustrations of the Zoology of the Investigator, 
pi. 3), the telson appears to be about four-fifths the length of the sixth 
abdominal somite. 

The basal joint of the antenna carries a well-developed inferior spine as 
in P. flageUata. The antennular peduncle reaches nearly to the distal two- 
fifths of the antennal scale. The latter is exceeded by the third maxillipeds 
by about a fourth of the length of the terminal joint. 

Both the basal and carpal joints of the first and second legs have their 
lower margins anteriorly produced as a sharp spine; the ischia are unarmed. 
The meri of the first and second legs reach about equally far forward; in 
the type their distal margin about coincides with the middle of the second 
segment of the antennular peduncle, and also about with the end of the 
first third of the antennal scale. The carpal joints are more or less sub¬ 
equal, those in the second pair being a little stouter and very little shorter 
than those in the first pair of legs. Both pairs exceed the tip of the antennal 
scale by about half the length of the palm (a little behind the midpoint in 
the second legs); in the first pair the fingers are about two-thirds the length 
of the palm, in the second only a little shorter than the palm. 

Type locality, measurements —The type (Cat. No. 64734, U.S.N.M.) and 
one other specimen were taken in a 30-foot otter trawl by the Anton Dohm, 
July 3,1931, south of the Dry Tortugas in 253 to 283 fathoms. The former 
measures: carapace 33 mm. long; antennal scale 13.6 mm.; abdomen, inclu¬ 
sive of telson, 71 mm.; sixth abdominal somite 15 mm.; telson, 12 mm.; first 
left leg 44 mm. long, movable finger to articulation 7.2, palm from this point 
10, carpus scant 4, merus 13.6 mm.; second left leg 55 mm. long, movable 
finger 11, palm 13, carpus 3.5, merus 17.5 mm. 

The smaller of the two specimens in the type lot has the carapace 27 mm. 
long; antennal scale 11 mm.; abdomen, inclusive of the telson, 60 mm, ; 
sixth somite 13.5 mm.; telson 10 mm. 

The only other representative of the species at hand measures: carapace 
35 mm. long; antennal scale scant 15 mm.; abdomen 75 mm.; sixth somite 
16 mm.; telson 12.3 mm. This specimen was also taken south of the Dry 
Tortugas by the Dohm, July 31,1930, otter trawl, in 220 to 237 fathoms. 

Corresponding measurements of the figured type of P. fiagellata give: 
carapace 25.5 mm. long; antennal scale 11.5 mm.; abdomen, inclusive of 
telson, 4.8 mm.; sixth somite 10 mm.; telson 9.6± mm. 

Several well-known east coast Crustacea appeared in the trawl hauls this 
year: 

Eusicyonia brevirostris (Stimpson) was taken on two occasions: a large male in 50 
fathoms, and two males and a female of good size in 60 fathoms. The last named are 
from a depth exceeding the known lower limit of the distribution of this species by 11 
fathoms. 

Nepkropsie aculeate Smith occurred in hauls made south of Tortugas in 153 to 
approximately 300 fathoms. These constitute a first record of the species in the Gulf of 
Mexico. Hitherto N. agastizii Milne-Edwards from 1568 fathoms, on the northern slope 
of the Campeche Bank, has been the only representative of the genus reported from 
this body of water. 
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Bathyplax typhia Milne-Edw&rds, though found well to the north and south of the 
Tortugas region within the Gulf, has never appeared in hauls of less than 280 fathoms 
until this year. The trawl yielded specimens from all depths explored from 200 to 290 
fathoms. 

Bathyneotes superba (Costa) has heretofore been recorded no nearer the Gulf of 
Mexico than the coast of Georgia, except for three specimens from off Key West and 
one from south of the Marquesas. This year it was taken in quantity, 69 specimens, in 
a single haul between 153 and 158 fathoms. 

Some of the larger Crustacea from the deeper water hauls exhibited a very 
decided zoning or stratification. Certain predominating forms gave char¬ 
acter to the hauls from different depths to such a degree that within the 
area worked south of the Dry Tortugas they might well be used as bathy¬ 
metric indicators, as for example: 

Portunus tpinicarpm (Stimpson), a species ranging from the surface, where a spec¬ 
imen was once taken in floating gulf weed south of Key West to a depth of 208 
fathoms, was taken by the Dohm only between 10 and 80 fathoms, and in conspicuously 
large numbers between 40 and 60 fathoms. Nearly 300 specimens were obtained this 
year in one haul in 60 fathoms. 

Acanthocarpiu alexandri (Stimpson) was taken by the Dohm during the past two 
seasons at depths from 60 to 158 fathoms. These limits correspond quite closely to the 
known bathymetric range of 60 to 169 fathoms of this crab based in part on specimens 
contained in the collections of the U. S. National Museum. South of Tortugas in the 
region worked over, A. alexandri was most abundant between 60 and 110 fathoms. 

Glphyocranyon longleyi, a new species described below, seems to be a form not here¬ 
tofore recognised as distinct. In the Dohm trawlings it proved to be common in the 
hauls made between 180 and 290 fathoms, being particularly plentiful in the hauls from 
200 to 280 fathoms. 


Glyphocrangon longleyi 1 new species 

A species near G. spinicauda Milne Edwards (Ann. Sci. Nat., Zool., 1881, 
p. 3; Recueil de Figures des CrustacSs nouveaux on peu connus, Avril, 1883, 
pi. 39, fig. 1, la), but which is at once differentiated in the shorter distance 
to which the rostral point extends in advance of the anterior pair of lateral 
spines. In G. longleyi this rostral point does not exceed in length the dis¬ 
tance between the anterior and cervical grooves; in G. spinicauda its length, 
measured from the anterior groove, runs past the cervical groove by one- 
third to one-half the length of the posterior portion of the carapace. Of 
the two, our species is more robust, stouter, and not so finely marked; the 
carin» are not as sharp, nor the tubercles as fine or as numerous. The eyes 
are considerably larger in our species. 

The hepatic spines are longer and more exerted in G. longleyi than in 
G. spinicauda; in the latter their tips fall short of a line connecting the 
posterior margins of the orbits; in G. longleyi these spines extend anterior 
to this line. 

The hepatic region above the anterior moiety of the fourth carina has 
at most three, often but one, low, more or less inconspicuous pearly tubercles 
which are not visible unless the pubescence is brushed off; in the correspond¬ 
ing position in G. spinicauda there is a more or less longitudinal row of 
seven to nine microtuberculated tubercles with several irregularly ‘sized 
tubercles, usually a larger and a few smaller above, and below an irreg¬ 
ularly shorter secondary row of smaller tubercles, five or so in number, 
with about two yet smaller tubercles in the interspace between the two rows. 

1 Named for Dr. William H. Longley, executive officer of the Tortugas Marine Labora¬ 
tory of the Carnegie Institution. 
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The anterior end of the third carina in our species terminates in quite a 
prominent tooth or tubercle, a little less than a right angle, with a sharp tip; 
anterior to this is a row of five or six tiny tubercles in an oblique line rising 
at an angle of about 45°, which ends in or just behind the anterior tubercle 
of the second carina; in 0 . spinicauda there is a corresponding row of about 
as many tubercles, which are individually more or less elongate in shape, 
and which rise to meet the anterior tubercle of the second carina less 
rapidly, at an angle nearer 30°. In the interval between the second and 
third carinse in spinicauda there are five to eight small tubercles scattered 
about in the middle of the interspace; this count does not include the 
tubercles close to and more or less parallel to the second carina. In the 
new species, in the same area there may be one or two small tubercles, but 
these are more or less in its anterior portion usually close behind the cervical 
groove. , 

The anterior tubercle of the second carina of the carapace is low and blunt 
in O. longleyi, though larger and more prominent than the next several 
immediately behind it; in O. spinicauda this anterior tubercle is spiniform 
and in size and shape approximates the posterior lateral spines of the 
rostrum. 

On their inner side the dorsal carinse in G. spinicauda are paralleled by 
a more or less continuous but somewhat irregular row of smaller, rather 
close-set, rounded tubercles, both before and behind the cervical groove; in 
our species there are only occasional secondary tubercles similarly placed, 
which may at times appear to form more or less of a row paralleling the 
dorsal carinse, but they are always much less numerous than in the cor¬ 
responding row in G. spinicauda, and only one or two tubercles, if any, are 
to be found behind the cervical groove. 

The anterior of the two marginal spines with which the epimera of the 
second to fourth abdominal somites are armed is stronger, longer and more 
sharply spiniform than in G. spinicauda, and in the third somite, which 
carries the longest anterior spine of these several somites, it is as long as a 
line drawn between the outer margins of the bases of the two marginal 
spines; the corresponding anterior spine in G. spinicauda is about half as 
long as the distance between the two marginal spines as measured above. 

Type locality, measurements —A specimen taken south of Tortugas in 
180 to 220 fathoms, Dohm, July 31, 1930, has been selected as the type 
(Cat. No. 64735, U.S.N.M.). The carapace and rostrum together measure 
51 mm. long; rostrum to hinder margin of orbit 19 mm.; from orbit to 
hinder margin of carapace 32 mm.; extended abdomen from hinder margin 
of carapace to tip of telson 68 mm.; and telson 16 mm.; the greater 
diameter of the cornea 6 mm. 

Appended Notes 

With the idea of making a visual record of the behavior of marine 
organisms under natural conditions, a number of trial shots with a standard 
film moving-picture camera were made. The fair measure of success 
attending these first attempts has justified the brief time devoted to the 
undertaking this season, and it is hoped will warrant more intensive work 
in this direction another year. 

Two species of Crustacea, first noticed by Messrs. Tandy and Colman in 
the course of their survey of Long Key, mentioned elsewhere in the report 
of the laboratory, constitute two new records for the Dry Tortugas. They 
are Platypodia spectabilis (Herbst) and Uca specxosa (Ives), neither of 
which has been reported nearer to the islands than Key West, Florida. 
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Effects of Radium, Emanations on Regeneration in Polychcetes , 
by Raymond O. Stone 

The effect of combined beta and gamma radiations upon regeneration 
in several polychaetes was studied. After preliminary investigations on 
several forms a small sabellid, not yet definitely identified, was selected for 
more detailed study. These worms regenerate rapidly at either end, live 
well in the laboratory and can be secured in considerable numbers from the 
moat at Fort Jefferson on Garden Key. 

Groups of worms were exposed for varying lengths of time to radiations 
from 123 mg. of radium loaned by the National Research Council. Condi¬ 
tions of exposure and subsequent treatment in the laboratory were the same 
in all experiments. 

Control worms regenerate 20 to 25 segments in 16 to 18 days. During 
this period the new segments can be recognized by their lesser diameter 
and length and greater transparency. The number of new segments formed 
is independent of the location of the cut within the posterior half of the* 
body. 

On the other hand the radiated worms show a decrease in the rate and 
amount of regeneration in relation to increasing lengths of exposure. The 
decrease in rate is more evident after shorter exposures, while the amount 
of regeneration declines more rapidly after longer radiation. After 96 
hours’ exposure none of the worms replaced the excised segments. The cut 
surface healed and a small knob was formed about the anal opening. 
No further change was observed in the radiated worms although they 
were kept for several weeks in the laboratory in some cases. Histological 
examination of preserved material is being made in an attempt to determine 
the source of new tissue in regenerated segments and to discover what 
tissues are affected by the radiations. 

Superficial Structure of Coral Reefs; Animal and Plant Successions on 
Prepared Substrata, by Geoffrey Tandy and John Colman 

Two main lines of work occupied our attention during the twelve weeks 
we spent at Tortugas: the examination of plant and animal successions on 
concrete cubes planted in the sea, and a fairly detailed ecological survey of 
the area known as Long and Bush Keys. 

Thirty-six concrete cubes were made of sand and cement, each with sides 
of 15 cm. each, and these were planted out in four groups of nine. The first 
group was in the moat of Fort Jefferson at the southwest corner, covered 
by about 3 feet at low water; the second was in the sea on the other side of 
the outer wall of the moat, in about 1 foot of water; the cubes of this 
group were considerably disturbed from time to time during rough weather, 
and some of them were probably rolled over; the third group was in the 
wreck of an iron barge to the east of Loggerhead Key among a profuse 
growth of gorgonians and corals, and the last group whs to the west of Hie 
northeast end of Loggerhead Key, in a rich field of Padina sanctce- 
cruds and Laurencia papiUosa. The last two groups were in a depth'of 8 
or 9 feet. All the cubes were oriented so that the sides faced the cardinal 
points of Hie compass, and the top and bottom were roughly horizontal. 
One cube was removed from each group every week, the entire flora and 
fauna of each face counted as far as possible, removed, also as far as pos¬ 
sible, and preserved. 
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Group I— Fort Jefferson Moat 

These blocks were surrounded by a luxuriant growth of algae, including 
Cladophoropm sp., Halimeda sp. and Acetabulum sp., and among them 
were numerous anemones and sabellids. The first week’s growth was mainly 
diatoms, which were followed by Myxophyceae, themselves supplanted by 
Cladophoropsis; during the last week or two Acetabulum became numerous 
on the cubes. 

The anemones and sabellids rapidly colonised the group by migration of 
adults whose density of population did not increase very much during the 
rest of the time. The last month saw the arrival of at least two species of 
simple ascidian, one of which was perfectly transparent, and very beauti¬ 
fully showed, under the microscope, the reversal of heart-beat said to be 
characteristic of this group. These ascidians were very young, with no 
visible gonads and with but few gill slits, and probably settled as larva. 
During all but the first week or two there were present swarms of Har- 
pacticidee, with numerous ostracods, amphipods, a small (1 cm.) and active 
terebellid, and an abundant dark-green oligochaet. 

Group II —Outside Fort Jefferson Moat 

Planted on bare sand, these blocks rapidly developed a very fine growth 
of Myxophycea, later displaced by Cladophora, Cladophoropm and some 
Padina and Lawrencia papillosa. The fauna was dominated again by Har- 
pacticida, accompanied by ostracods, amphipods and terebellids. 

Group III —East of Loggerhead Key 

Though surrounded on all sides by ccelenterates of several orders, only the 
last two blocks of the nine had planula (of a gorgonian) on them, and 
no coral or gorgonian colonies developed. The algal growth was very poor, 
only a thin fur of Cladophora which did not visibly increase during the last 
two months. This group was also the poorest in Crustacea and worms, but 
a rich colonization of compound ascidians and encrusting Bryozoa occupied 
the bottoms, that of the last cube examined yielding over 80 distinct ascidian 
colonies, including several species. Usually one or two crabs came up with 
each block. 


Group IV —Off the Northwest End of Loggerhead Key 

The first notable growth on this group consisted of Laurencia papillosa 
sporelings during the second week. They were numerous on the top and 
north side, and decreased in order on the east, south and west sides, the last 
having very few. For three weeks this numerical relationship between the 
sides held good, but then became more even, though the west sides remained 
relatively poor to the end, for which it is difficult to find a plausible explana¬ 
tion. Padina sanctce-crucis came, and disappeared at the same time as 
the Padina on the surrounding sea-floor. During the last few weeks a 
species of Dictyota became quite common. At the end of 10 weeks Lauren¬ 
cia papillosa was some 3 inches or so in length, and lusty. It sheltered 
prodigious numbers of harpacids of several genera, with ostracods, oligo- 
chaets, terebellids and other forms. 

Long and Bush Keys, though marked as separate in the Coast and Geo¬ 
detic Survey charts, are now one system, consisting of a sand key (Long 
Key) to the northwest, and a rampart of more or less cemented coral nhiwglft 
running roughly southeast from the northern end of the sand key for a 
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quarter of a mile and then southwest for half a mile. The resemblance in 
general plan of a leeward key and a windward rampart to the Low Isles 
reef in Northern Queensland, where the Great Barrier Reef Expedition 
worked in 1928-29, was striking, and the whole area was surveyed in as 
much detail as time permitted to test the validity of this resemblance. A 
plane table survey, on a scale of 200 feet to the inch, and level traverses 
were carried out to a fair degree of accuracy, and on this was based the 
ecological examination. Lines of soundings were also made across the area 
bounded by the key and rampart, where the depth is always less than 5 
feet at low water, and also outside the rampart. In detail after detail the 
resemblances between this West Indian Island and that in Australia are 
remarkable; whole ecological associations of plants and animals are very 
similar, frequently consisting in the two places of closely related species 
of the same genera, and these associations occur on corresponding parts of 
the two reefs. The chief differences from Low Isles are the submerged 
sand flat and the absence of mangrove swamp. Nevertheless on the inner 
(western) side of the rampart there are more than 200 mangrove seedlings 
and young plants, and there seemed to us no good reason why they should 
not spread over the flat in the form of a mangrove swamp. In the angle 
where the rampart alters in direction from southeast to southwest, there is 
a patch of sandy mud uncovered at half ebb, about 20 yards across and 
swarming with fiddler crabs. It was previously thought that the nearest 
fiddlers to the Tortugas were some 40 miles east, at the Marquesas. 

A level traverse was run across the beach limestone on the western side of 
Loggerhead Key, between the Laboratory and lighthouse jetties. The zona- 
tion of algae is here very pretty indeed, though the amplitude of the tide 
probably never exceeds 4 feet. Plants and animals were collected from all 
levels, and the upper and lower limits of many of them determined. 

Before the last fortnight a short visit was paid with Dr. A. S. Pearse to 
the Marquesas and Boca Grande, both of which support a luxuriant growth 
of mangroves, both Rhizophora and Avicennia; at neither place was there 
any trace of a rampart or of an island-reef formation such as Long-Bush 
Key or Low Isles. 

A considerable number of specimens, plant and animal, were collected 
during several dredging expeditions of the Anton Dohm. All our preserved 
material has been sent to the British Museum to be systematically worked up. 

The Barnacles of Tortugas , with Special Reference to Their Larvce, 

by J. Paul Visscher 

The collection of species made earlier was augmented this year by nine, 
of which three are new to science and one is described from a single speci¬ 
men. To differentiate some of these more exactly special attention was 
given to the larval stages, of which the complete series in their life history 
appears to be known for but ten or twelve of the more than 400 species 
in this group. During the summer, larval stages of 16 different barnacles 
were collected, but not all of them have yet been assigned to definite species. 
The reactions of these larvae to light, to gravity, and to specific chemicals 
were studied. Collections were made by means of volumetric closing nets 
at all times of day. These showed quite clearly a periodic depth migration 
with the great majority of forms at or near the bottom in depths up to 15 
fathoms. There is some evidence that exposure to such pressure is necessary 
for ecdysis—at least for certain species. 
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Observations Regarding Marine Algos of Tortugas, by Shigeo Yamanouchi 

Observations and experiments during the two seasons, 1930 and 1931, 
lead to conclusions regarding Tortugas alg® which may be summarized as 
follows: 

The growth-rate of tropical Siphonales seems quite rapid. Within one 
year Udotea flabellum growing in the moat at Fort Jefferson, Garden Key, 
attained a height of more than 15 inches. 

Many forms reported as distinct species of Dictyota will prove to be 
simply seasonal and local varieties of one species, as evidenced by the 
nuclear condition. 

Ectocarpus (tortugensist ) obtained by dredging in 10 fathoms, and bear¬ 
ing only so-called unilocular sporangia, contains 33 chromosomes. 

The haploid number of chromosomes in Dasya sanguined is 28. 

In Halimeda tridens growing along the west side of Bush Key, always 
below low-tide mark where the temperature by day ranges from 19° to 
32°C., reproductive organs arise and mature within 18 to 20 days. 

A single specimen of Acrotylus sp. was dredged in 10 fathoms between 
Garden Key and White Shoal. The genus is reported monotypic, and this 
is perhaps the only instance in which it has been found beyond Australian 
seas. 



BIOLOGY 

Bailey, I. W., Conway Zirkle and Anna F. Faull, Bussey Institution, 
Forest Hills, Boston, Massachusetts. Investigations on the cambium 
and its derivative tissues. 

Effects of Hydrogen Ion Concentration in Vital Staining, 
by I. W. Bailey and Conway Zirkle. 

Cells in sections of the cambium may be kept alive (and in active 
cyclosis) for more than 120 hours in modified Clark buffers, varying from 
pH 5.0 to pH 8.6. Thus, the cambium and its derivative tissues provide 
a favorable medium for studying certain fundamental aspects of the phe¬ 
nomena of vital staining. 

The effects of extracellular pH (pH 3.0 to pH 10.0) in the vital stain¬ 
ing of the tissues of Pinus strobus L., Thuja occidentalis L. and Juglans 
cinerea L. have been studied, using 71 different dyes. The principal con¬ 
clusions reached in this investigation are the following: 

(1) There are two distinct categories of vacuoles which may be desig¬ 
nated, for the time being, as A-type and B-type. The A-type vacuoles 
contain certain categories of aromatic compounds, e.g., tannins, which 
tend, when dyes attain a certain concentration within them, to form copious 
deeply colored precipitates. The typical B-type vacuoles do not contain 
microscopically detectable quantities of such substances and rarely form 
massive intravacuolar precipitates. 

(2) Certain dyes (basic) vitally stain both categories of vacuoles. 
These dyes accumulate more rapidly and intensely from alkaline than from 
acid buffers. The B-type vacuoles rarely, if ever, stain vitally in solutions 
more acid than pH 5.4 to pH 5.8. 

(3) Certain dyes (basic and amphoteric?) accumulate in the A-type 
vacuoles only. The range of pH in which these dyes stain most rapidly 
and intensely is variable. Certain of them accumulate relatively uni¬ 
formly throughout a wide range of acid and alkaline buffers. Others stain 
rapidly and intensely in acid solutions; slowly, if at all, in alkaline ones. 
No dye which accumulates rapidly from solutions more acid than pH 5.4 
to pH 5.8 stains the B-type vacuoles. The difference in the behavior of 
the two categories of vacuoles is not due to a failure of the dyes to pene¬ 
trate cells which contain B-type vacuoles. This is clearly shown by the 
fact that where both types of vacuoles occur within the same protoplast, 
the A-type stain, whereas the B-type do not. 

(4) The remaining dyes (acid) do not accumulate in either type of 
vacuole, regardless of the pH of the aqueous solutions in which the. dyes 
are dissolved, unless the tissue cells are irreversibly injured. 

(5) The partition of dyes between buffered solutions and certain non¬ 
polar solvents closely parallels the behavior of the dyes in vital staining. 

(6) The “Range Indicator Method” can not be relied upon in studying 
the hydrogen ion concentration of B-type vacuoles. The data suggest that 
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the B-type vacuoles contain some substance or mixture of substances that 
produce huge errors in calorimetric determinations of the pH of the vac¬ 
uolar sap. 

( 7 ) The recognition of two distinct categories of vacuoles and a study 
of their staining reactions in various dyes suggest that certain discrepan¬ 
cies in the literature are due to the fact that different investigators are 
concerned with different vacuoles or with different dyes. 

(8) The occurrence of two distinct types of vacuoles within the same 
cell provides a valuable check upon generalizations concerning the pene¬ 
tration of certain dyes. The A-type vacuole affords a means of determin¬ 
ing that a number of dyes do penetrate living plant cells readily and rap¬ 
idly from acid buffers. 

i 

Distribution op A-Type and op B-Type Vacuoles in the Higher 
Plants, by Anna F. Faull 

That the A-type and B-type vacuoles are not of isolated or sporadic 
occurrence, but are to be found throughout the higher plants has been 
determined by a special survey of 272 representatives of 42 orders and 90 
families of the Pteridophyta, Gymnosperm® and Angiosperm®. Although 
the abundance and distribution of the two categories of vacuoles vary from 
plant to plant, from organ to organ and from tissue to tissue, none of the 
species studied is entirely devoid of either the A-type or the B-type vac¬ 
uoles. During tissue differentiation B-type vacuoles may metamorphose 
into A-type vacuoles. Thus, transitional or intermediate types of vacuoles 
are of not uncommon occurrence. 

Nucleoli op the Terminal and Lateral Meristems of Pinus stbobus L., 

by Conway Zirkle 

The root tip and cambium of Pinus strobus were fixed in several different 
fluids so as to preserve the chromatin, plastin and mitochondria in the 
following combinations: (1) chromatin, plastin and mitochondria fixed; 
(2) plastin and mitochondria fixed and chromatin dissolved; (3) chromatin 
and plastin fixed, mitochondria dissolved; (4) plastin fixed, mitochondria 
dissolved, chromatin rendered unstainable; (5) chromatin fixed, mitochon¬ 
dria dissolved, plastin rendered unstainable. It was thus possible to 
chemically separate the plastin from the chromatin, and to follow it 
through the several mitotic phases unobscured by any other nuclear con¬ 
stituent. It was also possible to distinguish granules of plastin in the cyto¬ 
plasm from mitochondria. 

The organization of nucleolar material in both the resting and dividing 
nucleus of Pinus differs in many important details from that recently de¬ 
scribed in a number of angiosperms. The resting nucleus of Pinus con¬ 
tains an average of six nucleoli which are in intimate contact with the 
chromatin threads of the reticulum. On the initiation of karyokinesis, each 
nucleolus becomes attached to the spireme and is distributed to the daugh¬ 
ter cells ns a part of the chromosomes. On the reorganization of the daugh¬ 
ter nuclei, the plastin is consolidated into the typical nucleoli of the resting 
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cell. Unlike those of Zea the nucleoli of Pinus do not persist to metaphase, 
and discrete globules of plastin do not pass from the equatorial plane to 
the poles of the spindle. No evidence was found of any fragments of 
nucleolar material passing into the cytoplasm. 

Two distinct substances can be observed in the resting nucleoli in living 
cells. As these substances have a distinct index of refraction, the nucleoli 
appear vacuolate. These substances can be separated by fixation in the 
resting nucleus and in the later telophases. During the other mitotic 
phases, however, they have not been separated, so that, at present, it is 
not possible to trace each individually through the entire cycle of cell di¬ 
vision. Neither substance is chromatin. 

Cannon, W. A., Stanford University, California. Experimental studies 1 
on the oxygen relations of roots. (For previous reports see Year 
Books Nos. 2, 5, 8, 9, 11-25.) 

The shoots qf land plants are surrounded by an atmosphere which con¬ 
tains a relatively large proportion, about 20.9 per cent, of oxygen. This 
amount appears to be fairly constant. The plant roots, on the other 
hand, are in an environment which has no such uniformity as to the 
oxygen content, but which may vary from about the partial pressure in 
atmospheric air in soil of open composition, to nearly nil in such as may 
be saturated with water. Again, the oxygen content of water varies with 
the temperature and pressure of the atmosphere, and is always less than 
that in atmospheric air. But despite such oxygen variation in the environ¬ 
ment of roots wherever growing, in fine or coarse soil, in soil that is dry 
or saturated, or in water, it is the current understanding that they depend 
solely on the environment immediately about them for the oxygen neces¬ 
sary for their growth and other vital activities. While to a very large 
extent such may be true, the experiments summarized in this report appear 
to indicate that there may be other sources of supply as well. 

Some Features of the Oxygen Relation 

The important concentration of oxygen in the root environment varies 
from that at which growth will just take place—the minimum concentra¬ 
tion—to that at which it is most active—the optimum concentration. The 
minimum is critical and may be specific. In any event it is a limiting 
factor of moment which varies with temperature changes. 2 That is to 
say, higher temperatures raise the minimum; lower temperatures depress 
it. But changes in the partial pressure of oxygen from that which inhibits 
growth to that at which it will go on at a fairly rapid rate are not large. 
An increase of 0.5 of 1 per cent, for example, has been found sufficient to 
this end. From this it will be seen that any supplement to the oxygen 
supply, from whatever source, may be a circumstance of extreme'im¬ 
portance in the economy of the plant. 

1 The experiments were carried out in part with aid of a grant from the American 
Association for the Advancement of Science. 

*W. A. Cannon, The physiological features of roots, with especial reference to the rela¬ 
tion of roots to aeration of the soil, Carnegie Inst. Wash. Pub. No. 358, 1925. 
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Experiments : Aims and Results 

The immediate object of the experiments was to learn whether the roots 
of plants derive all of the oxygen used by them in processes associated 
with their growth, and continued living, from the environment immediately 
about them, be it soil or water, or whether a portion of it may have its 
origin within the body of the plant, especially the shoot, and make its 
way thence by whatever means to the subterannean organs. A secondary 
object was to learn if this internal oxygen 1 may have its source in the 
photosynthetic activities of the green shoot and thus bring the roots in 
relation, even if indirect, with light. 

Studies on the oxygen relations of roots, only in part published,® have 
indicated that when the plants are growing in soil under certain conditions, 
and the shoot is exposed directly to sunlight, the oxygen concentration in 
the soil may not decrease, as would be expected as a result of respiration, 
but, on the other hand, it may show a slight increase. The work here 
summarized has to do with that when the plants were grown in aqueous 
solutions instead of soil. 

The experiments were carried out on cotton, com, sunflower, wheat and 
willow. The plants were grown in distilled water to which salts were 
added, suitable in amount and in kind for root growth. In general, how¬ 
ever, during the periods when oxygen determinations were carried out, 
which were of about 3 hours’ duration, distilled water only was used. 

Temperatures were controlled as well as the equipment allowed and 
during observation periods the plants were covered with bell-glasses. 

In tests the shoots were either exposed to sunlight or kept in dense 
shade. The oxygen content of the distilled water was determined before 
and after exposure either to light or to shade. 

Such being, in brief, the most outstanding features of the experiments, 
the leading immediate results may be summarized as follows: 

No positive results were obtained with com or with wheat. But in the 
remainder of the forms used, that is, in cotton, sunflower and willow, there 
was less oxygen removed from the culture in unit time when the shoot was 
in sunlight than when it was in shade. And, especially in the sunflower, 
instances were observed when no oxygen was removed from the solution 
and even when a small amount derived from the plant may have been 
added to it. 

The utilization of internal oxygen by roots, therefore, when in aqueous 
solutions, and possibly also when in soil in addition to that derived from 
the substratum or independent of it, appears thus to be probable. It is 
dependent on photosynthesis in the chlorophyll-containing organs of the 
shoot. Incidental observations, however, indicate that the translocation of 
oxygen from the shoot to the root may be masked, or may not occur, pro¬ 
vided the rate of transpiration is rapid or when the temperature is high. 
For its detection, therefore, environmental control for the root and for the 
shoot must be independently exercised; such control seems never to have 
been adequately provided for in botanical institutions. 

*G. F. Beardsley and W. A. Cannon, On the effect! of a mud-flow at Mount Bhutto on 
the vegetation. Ecology, vol. 11, p. 326, 1930. 

* Carnegie Inst. Wash. Tear Book No. 26, p. 317, 1926-26. 
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Castle, W. E., Harvard University, Cambridge, Massachusetts. Continu¬ 
ation of experimental studies of heredity in small mammals. (For 
previous reports see Year Books Nos. 3-29.) 

The major research problems to which attention has been given during 
the past year, as during the previous one, have been concerned with the 
genetics of the domestic rabbit. Additional data are being accumulated 
upon the inheritance of racial differences in body size, for the study of 
which the rabbit is peculiarly well adapted. Just what the mechanism of 
such inheritance is remains still an incompletely solved problem and one of 
major importance. Embryological studies of Gregory and Castle, with co¬ 
operative aid from the Department of Embryology, have shown that 
developmental rate is an important factor in determining adult size. It is 
inherent in the fertilized egg and is influenced by contributions borne both 
in the egg and in the sperm. Whether ordinary genes control develop¬ 
mental rate, and so adult size, remains to be determined. 

The catalogue of known genes for the rabbit is being gradually extended 
and the localization of each in a particular chromosome is being investi¬ 
gated. This is a tedious process, like the determination of atomic weights 
by the chemist, but must be carried through systematically before we shall 
be in a position to understand the architecture of the germ plasm of a 
mammal. We have under investigation the linkage relations of genes for 
yellow fat, furless, short hair (a gene independent of sex, but with similar 
effects on the coat) and two blood group genes, in addition to a gene 
recently discovered by Dr. Sawin which affects the width of the ticking in 
the agouti coat. Dr. Sawin has completed his study of the albino allelo¬ 
morphs of albinism, which as at present known are six in number including 
three different chinchilla allelomorphs. His results are being submitted 
for publication along with my own recently made study of the genetics of 
the Hotot rabbit, a breed similar in appearance and genetic constitution to 
a race which was synthesized by bringing together into one gamete by a 
crossover the closely linked genes for English and for White Dutch spot- 
ting. 

Dr. Keeler has continued his investigations of the genetics of the house 
mouse, having detected certain new mutations and the recurrence of at 
least one previously known, a lethal called black-eyed-white. With a view 
to making an exhaustive study of the genetics of this animal, he is making 
linkage studies of each newly discovered gene in relation to all those pre¬ 
viously known. As a useful step in this procedure he has made a summary 
of pyint.ing knowledge concerning the origin of the laboratory mouse and 
its variation, which has been published by The Harvard University Press 
as a companion volume to my little book, Genetics of Domestic Rabbits. 

It is believed that a knowledge of mammalian genetics is more likely to 
be extended by an intensive study of a few species than by a more desultory 
study of many. Accordingly we are concentrating our attention on the 
rabbit and the mouse, whieh thus far have given us a large amount of 
information of the most valuable sort about the genetics of mammals, and 
which are so well adapted to experimental investigation. 
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Dr. Sawin plans to continue his rabbit investigations at the Bussey In¬ 
stitution next year while serving as instructor in zoology at Brown Univer¬ 
sity. His geographical nearness and the well-established facilities for rab¬ 
bit breeding at the Bussey with the large stock of rabbits here available for 
study make this entirely feasible. With his cooperation, that of Dr. 
Keeler and of a prospective new investigator to be associated with us in 
September, it is hoped that the study of mammalian genetics may be 
pushed forward energetically. 

Dr. Nelson F. Waters has just completed a valuable study of the genetics 
of domestic fowls involving a cross of two breeds (Brahma and White Leg¬ 
horn) of very different size and growth rate. The results of this investiga¬ 
tion made at the Rhode Island Agricultural Experiment Station, and 
studied for the past two years at The Bussey Institution, are being pub¬ 
lished as a Bulletin of the Rhode Island Station. 

The difference in size between these two breeds is found to be capable 
of explanation as involving two different genes cumulative in their effects. 
There is no indication of dominance, but an acceleration of growth in 
early life makes the F, and certain of the F 2 individuals larger than either 
parent race at certain ages, though not at maturity. This early accelera¬ 
tion of growth seems to be a heterosis effect, which decreases with a de¬ 
crease in heterozygosity among the birds of the F 2 and later generations. 

Crampton, Henry E. Barnard College, Columbia University, Continu¬ 
ation of studies concerning variation of the genus Partula with refer¬ 
ence to geographical distribution. (For previous reports see Year 
Books Nos. 7-10, 22, 23, 26, 28.) 

Substantial progress has been made in the continuing investigations of 
the variation, distribution, and evolution of the species of Partula inhabit¬ 
ing the Society Islands and other areas of the Pacific Ocean. In addition, 
studies on the genetics of fresh-water pulmonates have been prosecuted with 
most satisfactory results which materially supplement the work on Partula. 

The extensive quarto volume on the Partul® of Moorea has been com¬ 
pleted, and it is now well advanced in press. This study comprises a de¬ 
tailed analysis of all of the species inhabiting the island in question, most 
of which are discoveries of the present research. Furthermore, proof is 
given that changes in the organic nature of several species have taken 
place since the work was begun in 1907. 

During the past year, the biometric analysis of the species of Partula 
inhabiting Raiatea has been brought nearly to completion. The work on 
the single form occurring in the small island of Borabora has been finished. 
About four-fifths of the 10,000 specimens of the species from Tahaa have 
been similarly analyzed, and the calculations have been completed to a 
corresponding degree. 

Other work on Partula comprises a final revision of the extensive series 
from the Samoan Islands in the collections of the Bishop Museum of Hono¬ 
lulu, to yhich the summer of 1930 was largely devoted; a descriptive volume 
is now assuming definite form, dealing with my own collections as well as 
with those of the Bishop Museum. The detailed study of all of the extant 
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material of Partula hyalina has been completed; this species is unique in 
its genus because it occurs in three groups of islands, while others are con¬ 
fined to one group, or to a single island, or to a restricted area of a single 
island. The paper on Partula hyalina will be written this summer in col¬ 
laboration with Dr. C. Montague Cooke jr. of the Bishop Museum. A 
joint paper was published in December, 1930. 1 

A second group of researches has been concerned with the genetics of 
spirality and of other characters of fresh-water pulmonates primarily, al¬ 
though tentative experiments have been made with terrestrial species of 
the Hawaiian Islands—Achatinella, Auriculella, Eulota—as well as with 
living Partula from Samoa. The results with Limn»a have been most 
satisfactory. The original material comprised dextral and sinistral indi¬ 
viduals of a species collected last August in a mountain region of Kauai, 
Hawaiian Islands. Enough specimens survived the journey to the experi¬ 
mental rooms at Barnard College to establish an abundance of lines of both 
coils, and of mutating strains as well. The second offspring generation is 
now developing in large numbers. It is already apparent that the char¬ 
acter of coil is inherited according to a Mendelian formula, but with segre¬ 
gation in the third filial generation instead of the second; hence the results 
confirm the circumstantial work of Boycott, Diver and Garstang on the 
British species, Limncea peregra. Albinism proves to be a simple Men¬ 
delian recessive in the Hawaiian species as it is in the material of the 
British authors. Professor Florence deL. Lowther is collaborating in the 
work on Limneea and on other pulmonates, which promises to yield ample 
additional results during the coming year. 

Mann, Albert, Washington, District of Columbia. Continuation of inves¬ 
tigations and preparation for publication of results of work on Diato- 
maceoe. (For previous reports see Year Books Nos. 18-29.) 

During the past year the laboratory has received an increased number of 
requests from outside parties for diatom information and cooperative re¬ 
search. This is due in part to the recent discovery of many new uses for 
these organisms, especially for the fossil diatom material known as diato- 
mite. There are about 150 known deposits of this material in this country 
and additional ones are constantly being discovered, some of large size and 
fine quality. Although any requests for statements as to the relative supe¬ 
riority of diatomite samples examined are uniformly refused and the using 
of our reports for advertising purposes is forbidden, there still remains a 
good deal of desirable information, procurable only by microscopical study, 
the supplying of which this laboratory has always felt to be a part of its 
duty to the public. The time consumed in this phase of work, however, is 
steadily increasing and is beginning to seriously curtail a proper proportion 
of time needed for original research. A consideration of the following 
it ems in this report and of their present state of completion will make* evi¬ 
dent this fact. 

A consultation was held with Mr. Eardley-Wilmot, of the Canadian 
Department of Mines, who is preparing an enlarged edition of his book 

1 C. Montague Cooke, jr. and Henry E. Crampton, New Specie* of Partula, Occasional 
papers, Bernice P. Bishop Museum, volume 9, No. 11, Honolulu, 1930. 
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on diatom deposits in Canada and the United States. A tour of inspection 
was being made by him of the larger beds in this country and information 
on the microscopic qualities of these different earths was needed for deter¬ 
mining their commercial values. Samples were brought to the laboratory 
and others subsequently sent from Ottawa, Canada. These have been 
examined and a report has been sent to the Canadian Department of Mines. 

About 20 samples of diatoms from the hot springs of Yellowstone Park, 
collected by the Geophysical Laboratory during the Summer of 1930, are 
being studied and a report is in preparation. These are supplementary to 
those referred to in last year’s report, collected in 1929. They are plank- 
ton-net samples collected in the waters being discharged by springs of very 
high temperature before coming in contact with the sides of the spring or 
the banks of the streams flowing from the springs. It is hoped that a study 
of these samples will throw light on the source of the dead diatoms, fre¬ 
quently abundant in these springs, the high temperature of which precludes 
the possibility of these organisms being locally developed. 

Our annual work at Woods Hole, Massachusetts, and vicinity covers in 
this report the Summers of both 1930 and 1931, the latter having been just 
completed. During 1930, five weeks—July and a part of August—were 
given to collecting and preparing for study 90 samples of bottom diatoms, 
taken at stations regularly visited each year. Collections were also made 
in new localities, especially in the hitherto little studied areas of Cape Cod 
Bay. In addition to these bottom floras, about 100 samples of quantita¬ 
tive plankton diatom material were received from the Bureau of Fisheries, 
collected at fixed stations, extending from Cape Hatteras to Cape Cod, 
every two weeks during the previous Winter and Spring. The Bureau is 
making extensive studies of this important fishing district, and a micro¬ 
scopic study of these gatherings will supply useful information on the sea¬ 
sonal changes in the genera and species of diatoms in these waters. 

The 1931 work at Woods Hole covered between four and five weeks in 
July and August. The regular yearly collections were made and the ma¬ 
terial partly prepared for study. In the Marine Biological Laboratory 
the anilin stain, Nigrosin, was being used in the study of living Parame¬ 
cium; this suggested its use with freshly gathered plankton diatom material. 
Although the effects secured were quite different from those with animal 
microorganisms they were equally useful, the very delicate and translucent 
plankton diatoms being rendered perfectly visible in all their detail and 
without shrinkage or distortion. This method promises to be a valuable 
aid in the study of these fragile diatoms. 

Cooperation was given in some experiments of growing diatoms in con¬ 
trolled aquaria as a food supply for copepods. The study of the life history 
of this group of marine organisms—the main link between diatoms and the 
higher animals of the sea—is being undertaken by Mr. George Clark of 
Harvard University. 

In June 1930, four weeks were spent at the Dry Tortugas Florida marine 
Laboratory. Collections, both bottom and plankton material, at the fixed 
stations’visited in previous years, were secured and an attempt was made 
to discover if any records remain of diatom growth during the period in 
which these calcareous islands were formed. Assuming that the shifting 
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sands of Loggerhead Key cover what was at some time in the not very 
remote past an exposed beach or slightly submerged coral reef, a place was 
selected in the middle of the island and a hole dug about 6 feet deep, that is, 
until water at the present sea-level was reached. Samples of sand taken 
just above, just below, and at this level were cleaned and examined. No 
trace of diatoms were found nor of other silicious organisms. This absence, 
however, must be looked upon as inconclusive. Although barely possible 
that no such organisms existed in these waters when the sands examined 
were laid down, it is more probable that the diatoms were originally present 
but have subsequently disappeared, having been slowly dissolved by the 
alkaline water infiltrating these calcareous sands. 

During the past summer the usual trip to the Carnegie Laboratory at 
Dry Tortugas, Florida, was omitted. A considerable part of the material 
collected there in previous years remains only incompletely examined; it 
therefore seemed to be unwise at this time to add another year’s collections 
to this mass of unutilized material. 

Since last year’s report, an illustrated article on Plants of the Sea has 
been written for incorporation in the botanical volume of the Smithsonian 
Institution Scientific Series now in process of publication. 

About 40 samples of bottom diatom material and 250 samples of plankton 
diatoms were collected during the last voyage of the S. S. Carnegie. The 
bottom gatherings (dredgings) have been cleaned and studied and a report 
is being prepared. Some of these dredgings taken at profound depths, espe¬ 
cially those near the Galapagos Islands and the coast of Japan, are unusu¬ 
ally rich and contain a number of new species. The plankton hauls are 
being prepared for study and a few of them have been investigated. 

Seven dredgings taken at remote islands in the Pacific Ocean have been 
received from Mr. W. A. Robinson, who is making a voyage around the 
world in a 35-foot ketch. The voyage, of several years’ duration, is ex¬ 
pected to end in October of this year. When the rest of the material col¬ 
lected by Mr. Robinson has been received this unique contribution will be 
fully studied. Captain Ault of the S. S. Carnegie met Mr. Robinson in the 
harbor of Pago Pago, Samoa, and suggested that he should collect diatoms 
at some of the remote places he planned to visit and supplied him with the 
necessary collecting apparatus. 

Twelve diatom photographs were supplied to Mr. George Field for illus¬ 
trating an article in Nature Magazine; also 6 photographs for similar use 
were sent to Mr. E. Reichard. 

Twenty diatom samples from lakes in New York State were received 
from Dr. Muenchner of Cornell University for examination and a report. 

By invitation, Miss Estella Humphrey, doing postgraduate work at 
Wellesley College, spent two weeks as a guest worker in our laboratory in 
connection with preparation of her thesis on the ecology of diatoms at Fri¬ 
day Harbor, Puget Sound, and their special relation to other aquatic plants. 

Dr. Paul S. Galtsoff, U. S. Bureau of Fisheries, has submitted for study 
and report 30 bottom diatom and 30 plankton diatom samples collected by 
him at Pearl Reef and Hermes Reef, northwest of the Hawaiian Islands, as 
a part of his investigations of the pearl oyster industry located at these 



408 


CARNEGIE INSTITUTION OP WASHINGTON 


places. Only a preliminary examination of this important material has so 

far been accomplished. 

A mechanical finger for handling diatoms was ordered made and was 
sent to Professor M. N. Watt of the University of Otago, Dunedin, New 
Zealand; another was ordered made and was delivered to the Department 
of Terrestrial Magnetism of the Carnegie Institution. 

A sample of Rohrbach’s barium-mercuric-iodine solution, with instruc¬ 
tions for its preparation and use, was sent to Mr. 0. E. Sette, in charge of 
North Atlantic Fishery Investigations of the U. S. Bureau of Fisheries, sta¬ 
tioned at Harvard University. 

Instructions for the preparation of diatom material and slides were sent 
to Mr. Eric Lincke of the Eastman Kodak Company, who will use them as 
subjects for photography in the mathematical determination of the efficiency 
of lenses at various specific wave lengths of light. 

Twenty-five mounted photographs of typical species of diatoms were sent 
to Dr. A. Avinoff, Director of the Carnegie Museum in Pittsburgh, Penn¬ 
sylvania. They are to be used at the University in a lecture course on Art 
in Nature. 

Five samples of cleaned diatom material were sent to Mr. Frederick 
Adams, Bournemouth, England, who is establishing a diatom laboratory at 
Tenby, England. 

Twenty-five slides of singly mounted diatoms were sent to Mr. Ganson 
Depew, Buffalo, New York. 

Two bricks of diatomaceous earth were received from H. I. Ellis, Weiser, 
Idaho. The diatom deposit at this place is being commercially worked. 
The samples were examined and a report made. 

Twenty-four samples of marine diatoms, collected along the northeast 
coast of Greenland by Captain R. A. Bartlett were received through Dr. 
Waldo L. Schmidt of the U. S. National Museum. Slides of this material 
have been prepared but have not yet been examined. 

Dr. W. R. Taylor, University of Michigan, has submitted two sets of 
slides, 40 in each set, for identification and frequency of species. They are 
fresh-water diatoms collected in a cluster of lakes in British Columbia, and 
the report, now in course of publication, is for incorporation in an extensive 
paper on the biology of these waters. 

Several reviews of new diatom publications have been made for Bio¬ 
logical Abstracts. 

Morgan, T. H., C. B. Bridges and Jack Schultz, California Institute of 
Technology, Pasadena, California. The constitution of the germinal 
material in relation to heredity. (For previous reports see Year Books 
Nos. 15-29.) 

The variation of crossing-over with age in the female of Drosophila (re¬ 
cently summarized in Publication No. 399, pp. 63-89) has been the subject 
of a new attack. It has long been obvious that this phenomenon must in 
some way be related to the time factor in the synaptic process. The curves 
for egg-Jaying, produced by Hanson and Ferris (J. E. Z., 54, 485-506), 
showed so marked a similarity to reciprocals of the age change curves, that 
it seemed as if the simultaneous study of egg-laying and crossing-over in 
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the seme females should provide a new approach to the problem. Accord¬ 
ingly 17 b/cn, D/Sb females were mated to the multiple recessive b cn 
males, and permitted to lay their eggs on spoons containing food. The 
spoons were replaced each day by fresh ones, the eggs counted and the 
spoons placed in culture bottles. When the offspring were obtained, 
their class frequencies permitted the analysis of the crossing-over in the 
eggs. The regions chosen for study were those at the spindle attachment 
in chromosomes II and III, which are most sensitive to these changes. 
The characteristic curves relating age to crossing-over were obtained in this 
experiment. By a comparison of the number of eggs laid and the adults 
hatched in the successive transfers, it is apparent that the age change in 
crossing-over can not be due to a differential mortality of crossovers and 
non-crossovers. The seventeen females gave somewhat different results and 
could be separated into several different groups, each of which had a char¬ 
acteristic egg-laying curve and associated crossing-over curve. This indi¬ 
cates a correlation between the two phenomena, and in some cases there 
seems to be a definite relation between the minima of the age change curve 
and the maxima of the crossing-over curve. Further study is needed, how¬ 
ever, to make this clear. An incidental feature of the data is the confirma¬ 
tion of the earlier results of Redfield and Schultz (Year Book No. 29, p. 
358), showing a positive correlation between crossing-over in the spindle- 
fiber regions of chromosomes II and III. This is particularly interesting, 
since in that experiment other regions were also studied which showed a 
negative correlation. 

The study of this interdependence of non-homologous chromosomes in 
crossing-over is being continued. Since these regional differences in the 
correlation effect are apparent, it becomes necessary to study crossing-over 
in all three chromosomes simultaneously (the IV shows no crossing-over). 
For this purpose stocks have been synthesized permitting such tests and the 
experiment will soon be under way. 

Work with specific suppressors of mutant characters has made several 
developments. Thus, further study has emphasized and sharpened the dif¬ 
ference between the suppressor of purple found by Stern (Zeit. f. i. Abst. v. 
Ver., 52, 373-389) and the one found later in the same stock by Bridges 
(Year Book No. 29, p. 355). Stem reported the presence of a crossing-over 
suppressor associated with his suppressor of purple and effective for the 
right half of chromosome III. In stocks of Stem’s suppressor, sent to us 
by Stem, the presence of this crossing-over suppressor has been confirmed, 
and its effects analyzed through linkage experiments covering the entire 
third chromosome. No such suppressor, nor indeed any linkage disturb¬ 
ance, is present in the stock of su-B. The locus of su-S was reported as in 
the right limb of chromosome III and to the left of Hairless. The locus of 
su-B has been re-determined, through extensive crosses with Minute (locus 
101.0), to be at approximately 95.5, that is, far to the right of Hairless. It 
is suggested that this apparent discrepancy in position is due to the presence 
of the Cm b- If the Cm b is an inversion whose left end began to the left of 
the normal allelomorph of Hairless, then reversed synapsis, of the type 
assumed by Sturtevant (Year Book No. 25, p. 308) and double crossing- 
over within the limits of the inverted section would give the result obtained. 



410 


CARNEGIE INSTITUTION OF WASHINGTON 


By this mechanism the cross of Dichaete 8 Hairless by Cm a su-S would give 
a Cm a su-S fly carrying the Hairless mutant gene in the inverted section, 
and the locus of su-S also could be at 95.5. Crosses between the two races, 
su-S and su-B, carried out with heterozygous flies, gave suppression of 
purple in the compound form su-S/su-B. But the viability of the com¬ 
pound was practically normal, while both parental races are semi-lethal, 
with a viability of not over 40 per cent of the wild type. Also, the com¬ 
pound females are fertile and productive, while su-S females are entirely 
sterile, and su-B females are irregularly fertile and always low-producers. 
Finally, the compound males are fertile, while both of the parent races have 
fully sterile males. Thus the two races, besides the differences mentioned 
above, appear to behave as allelomorphic with respect to the suppressors 
but not for the characteristic sterility and low productivity. These effects 
may be due to modifiers associated with the suppressors and not separated 
from them by the many crossings, but it may also be an unusual type of 
interaction of allelomorphs. 

The sex-linked recessive deltex, found in 1922, has been carried on in 
stock as deltex males mated to attached-X yellow females. In 1929, it was 
found that some of the males of this stock showed no deltex, while others 
showed only a trace. The principal character of deltex is the thickened 
veins, which are expanded into deltas at the junction with the marginal 
veins. The “slight” males had only a trace of the thickened, expanded 
veins and no trace of the hair and bristle or of the eye and ocellar char¬ 
acters of deltex. When they were outcrossed to unrelated attached-X 
yellow females, the sons were half “slight” deltex and half extreme deltex 
with spread, nicked wings and the eye and bristle characters present. These 
extreme males were all sterile. The original deltex had not been as extreme 
as these and had been completely fertile as far as known. The slight type 
of male was found to be this extreme deltex together with a second-chromo¬ 
some dominant suppressor. The suppressor was not lethal when homo¬ 
zygous, but in that case all trace of deltex disappeared. Flies homozygous 
for the suppressor, but free of deltex, are also indistinguishable from wild- 
type. 

Besides this complete suppressor of deltex, the same stock was found to 
contain a second suppressor, likewise a second-chromosome dominant, but 
giving a medium-type deltex, which bred true when the stock was made 
homozygous for the extreme deltex and this partial suppressor. 

By utilization of known duplications derived from translocations, it has 
been possible in certain cases to make a decisive test between the monogenic 
specific suppressor view and the view that a wild-type allelomorph, carried 
in a section duplication, may be the suppressor. Thus, Plough’s black sup¬ 
pressor was shown not to be a duplication by test with duplication 101. 
Both the sable suppressor and the vermilion-sable suppressor were proved 
not to be duplications, although it was to these cases that the hypothesis of 
sectional duplication was first applied. Other evidence had already made 
this conclusion practically foregone. By another type of experiment the 
purple suppressors of Stern and of Bridges were shown to be monogenic. 

In connection with a study of the dilution effects of Pale-translocation 
on eye-color, a restudy was made of the allelomorphs of white. No distinc- 



BIOLOGY 


411 


tion was found between the allelomorph called wine and an earlier allelo¬ 
morph coral, found by Lancefield, which are the darkest of the allelomorphs. 
Blood may become darker than coral with age, but the first blood flies to 
emerge in a culture may be lighter than the color of eosin males. Blood 
showed extreme fluctuations in depth of color with variations in culture con¬ 
ditions, speed of development and age of the flies. The next lighter allelo¬ 
morph is one temporarily called white-allelomorph-30 (w*°), sent us by 
Heffner. Then comes eosin, cherry, apricot, buff, tinged, ivory and white. 
Contrary to the earlier opinion, there are many sexual differences in this 
series. Coral (wine) blood and apricot have males darker than the corre¬ 
sponding females. Males much lighter than females are shown by eosin, 
and also, to nearly as great an extent, by white-30 and cherry. In eosin, 
white-30 and cherry a separation for eye-color is a separation for sex. In 
buff and in ivory there is a small but distinct lightening of the males. 

Pale-dilution was found to operate as strongly on white-30 as on eosin, 
and nearly as strongly on cherry as on eosin. On buff and ivory the dilu¬ 
tion was present, but slight. All these allelomorphs have males lighter 
than females. On the other hand, upon the allelomorphs which have males 
darker than females, Pale produced not a dilution but an intensification of 
color. This is sharpest in apricot, which has an eye-color relatively uni¬ 
form in tone, is as large in blood, but is there confused somewhat by the 
large fluctuations in that eye-color, and present, but of small amount, in the 
very dark allelomorph coral (and wine). This curious relation suggests 
that the translocation may be closely connected with the sex-determining 
reaction. Hence, both the white locus, whose mutants may be indices of 
sex, and the autosomal genes concerned in the dilution effect of the trans¬ 
location offer further indications in favor of the polygenic determination of 
sex in agreement with the “genic balance” formulation. 

It had long been thought that white-eye is the ultimate in dilution, but 
deficiency for white, exemplified in the Notch-8 deficiency of Mohr, gives 
more dilution in compounds than does white. Now it is found that Pale 
dilutes white itself to the point where white has a distinctly ivory tone in 
comparison with the snowy white color of white plus Pale. 

In the last report the results of keeping larvae in an atmosphere of pure 
oxygen were described. A more extensive series of experiments has been 
carried out in which changes in the time of exposure and the age of the 
larvae treated were studied. The trachaea, both large and small, are found 
to collapse, often locally at first, becoming invisible. Mixtures of carbon 
dioxide with the oxygen have no beneficial results as far as tested. Larvae 
that have been treated and removed before the effects were fatal have 
been reared and their offspring and descendants examined on a sufficient 
scale to find out whether the mutation rate was changed. No increase 
or decrease in a pedigreed stock was discovered. Dilution of the oxygen 
with nitrogen will next be tried, to see whether the injurious effects of pure 
oxygen can be overcome. 

The study of the eye-color mutants for the purpose of ascertaining the 
developmental relation of gene to character has been continued. New 
methods for the chemical study of the pigment have been developed, as a 
result of which the previous data have been confirmed and extended on 
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improved preparations. A preliminary experiment on the age change in 
the mutant vermilion indicates that not only do the pigments increase in 
total amount as the fly grows older, but the relative proportions of the dif¬ 
ferent pigments are changed. This type of experiment is particularly im¬ 
portant, since it concerns the development of the pigment and should yield 
a clue as to the processes involved. Another type of experiment concerns 
the heterozygotes for different eye-color mutants. A large number of such 
heterozygotes have been examined in an exploratory survey, to see how 
specific the effects of the various mutants were. Only in a few cases were 
changes from the normal eye-color observed. These provide new material 
for a closer study of the interaction effects. 

In collaboration with Dr. Th. Dobzhansky (see Proc. Nat. Acad. Sci., 
Sept. 1931) evidence has been obtained which shows that there are multiple 
sex factors in the X-chromosome, thus upholding the views on this subject 
advanced by Bridges. It appears from a study of their effects in inter¬ 
sexes, that duplications which show little effect in the diploid male are suf¬ 
ficient to shift the grade of intersexuality appreciably toward the female 
type. A longer duplication, which in the male causes the appearance of 
certain abnormalities, as well as sterility, converts intersexes into females 
which may be fertile. These results, therefore, exclude hypotheses of sex 
determination based on the relation between single male and female factors. 

The further study of Translocation H (Year Book No. 29, p. 357) has 
shown that crossing-over is reduced, in the deficiency, duplication and 
translocation, in the regions closest to the break. The reduction of crossing- 
over outside the deficient region has not been observed before, although 
it has been looked for in other deficiencies. Some of the data on the Notch- 
deficiency, however, on re-examination after the present results were ob¬ 
tained, showed the same thing. This is of double interest, both for theories 
of crossing-over and for discussions of the nature of the “deficiency” in 
cases where the complete translocation is not available. Homozygotes for 
Translocation H have been obtained. They show various abnormalities, 
suggestively similar to those of the deficiency; males are completely sterile, 
females infertile. Evidence has been obtained from these females indi¬ 
cating that the crossing-over suppression in the right limb is due to an 
inverted section of chromosome. 

Various combinations have been studied of the duplication and deficiency 
of Translocation H with those of Translocation G, a similar chromosome 
rearrangement involving a somewhat larger piece of this region. Deficiency 
G is lethal ordinarily; the small deficiency obtained by combining duplica¬ 
tion H with deficiency G is an extreme Minute, which behaves as a de¬ 
ficiency for light, an eye-color included in Duplication G. These experi¬ 
ments and others like them are valuable chiefly for the information they 
yield as to the various quantitative effects possible at a given locus. From 
them it seems, for example, that Bristle, a dominant included in the G dupli¬ 
cation, can be neither duplication nor deficiency for a locus in this region, 
but must be a change in gene substance at that locus. 

In collaboration with Dr. A. H. Sturtevant (see Proc. Nat. Acad. Sci., 
vol. 17, No. 5, pp. 265-270) an examination has been made of the allelo¬ 
morphs at the scute locus for which the hypothesis of subgenes has been 
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proposed by Serebrovsky and his colleagues. The linear series of bristles, 
which these allelomorphs affect in blocks, has been derived by a different 
method, and agrees substantially with the original seriation. It has been 
shown, however, that the assumption on which the subgene theory of 
Serebrovsky is based, namely, that each bristle is affected by specific sub¬ 
genes, is untenable. This follows from the fact that, by the use of genetic 
modifiers, scute allelomorphs can be shown to affect bristles far removed on 
the linear series from those which they stride ordinarily. Further, the ap¬ 
parent proof of the theory offered by Agol, from the use of fragments of the 
X-chromosome purporting to be broken within a series of 6ubgenes, becomes 
doubtful as a result of experiments with other fragments which show domi¬ 
nance effects of scute similar to those reported by Agol, but effects which 
here can not be due to breaks within the subgene series. An alternative 
hypothesis based on developmental considerations has been offered, and 
seems to supply a method of ascertaining the significance of the linear 
bristle series. 

The mutants of the right end of the X-chromosome have been studied 
in connection with work on Minute-n and some bobbed allelomorphs. 
Earlier studies with Minute-n had shown higher crossing-over in the left 
half of the X and seemingly lower crossing-over in the extreme right end. 
More careful experiments on a larger scale have now failed to show for the 
right end such a difference between the control and the Mn data. But these 
experiments show that the explanation lies rather in the fact that in the 
older maps the locus of bobbed is set too far to the right. The new location 
for bobbed is at 66 instead of the former 70. Another case of bobbed-like 
males appearing in a stock supposedly free from bobbed has been shown to 
have the same explanations as the first such case, namely association of two 
mutants, a bobbed allelomorph and a Y-chromosome carrying a bobbed 
allelomorph. Bobbed-lethal has been thought to give reduced crossing-over, 
but some recent work casts doubts upon this. Extensive tests are now under 
way, in cooperation with Dr. J. C. Li of Yenching University, which should 
not only settle this effect of bobbed-lethal fully but should give abundant 
crossing-over and coincidence data upon the normal X throughout its length 
from yellow to bobbed. The locus of Minute-n is now placed at 62.7, while 
the locus of carnation is 0.2 to its left, at 62.5. The loci of the genes small- 
eye, Beadex and fused are placed at 59.2, 59.4 and 59.5 respectively. The 
stock called small-eye 8 and supposed to be an allelomorph of both small-eye 
and of vibrissa, which are not allelomorphic to each other, is now reinter¬ 
preted, on the basis of information supplied by Muller, as a mutation to 
vibrissa occurring in a chromosome already carrying the original'small-eye 
mutant. Minute-o is relocated between forked and Bar at about one-fifth, 
the distance from forked to Bar. It is probable that the forked-Bar dis¬ 
tance is nearly 0.3 units, instead of the 0.2 units of the more recent maps or 
the 0.5 units of the older maps. A new allelomorph of Bar, B 4 , arose* by 
mutation in a standard Bar male, and gives an eye with nearly as many 
facets as the wild-type—only a slight nick in the anterior edge of the eye 
serving to distinguish it on casual inspection. With a Bar-carnation stock 
is associated a new sex-linked modifier which makes the Bar eyes much 
larger than normal Bar. The fly as a whole is a semi-giant or giant, and 
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hatches much later than normal flies. It was detected first in males in 
cultures in which the females were all either bobbed or Minute-n, both of 
which are late-hatchers. In these special cultures the females began to 
hatch first and stopped emerging some days before the males stopped com¬ 
ing out. The locus of uneven is less than 0.1 unit to the left of that of 
rudimentary, which is itself provisionally put at 54.5, though this may be 
too far to the left. Still farther to the left, at 53.5, lies small-wing, and 
tiny-bristle-53 is apparently at about 53.1. 

Some points in the work on the autosomes are the following. An ex¬ 
tremely useful dominant mutant “Depilate” has been found whose prin¬ 
cipal somatic effect is to remove the microchate from a broad yoke across 
the anterior edge of the thorax. It is lethal when homozygous and is either 
an allelomorph of vestigial or a deficiency for (vestigial. Its reliability as 
a dominant and its easy classification make it far superior to the three or 
four other dominant allelomorphs of vestigial. A new allelomorph of dachs, 
far more viable, has been found. A recent interpretation of the old trouble 
experienced in assigning a locus to the mutant “pink-wing” is that two sepa¬ 
rate mutations were involved, one with a locus a few units to the right of 
Star, and the other an allelomorph of light and located just to the right of 
Bristle or at 55.0. A third pink-wing has now been found and it has a locus 
about ten units to the right of Lobe, i.e., at about 80. A new recessive, net, 
located rather far toward the left end of the second chromosome, shows 
venation characters like plexus but more extreme. A curious mutant called 
“probosciped,” with a locus about five units to the left of Dichsete in chro¬ 
mosome III, changes the proboscis into a stalk with two widely extended 
jointed appendages each tipped with coarse bristles or two claw-like setse. 
These flies are unable to eat. Hence the females, who live for two or three 
days only, are unable to nourish their eggs and are sterile, but the males, 
which live no longer, are fertile. 

Considerable experience has accumulated on the amount of food needed 
for full development of flies without distortion to the zygotic ratios or 
undersized flies. The present excellent food formula of molasses-commeal- 
agar-yeast used in 60 c.c. amounts in half-pint milk bottles may give a 
thousand or more flies in a stock mass culture and an average of fully 300 
flies in an experimental pair culture. But for full normal development of 
all flies, less than a hundred should emerge from this amount of food. This 
confirms the more extreme finding of Plunkett, that for normal development 
of bristles about fifty flies was the maximum for a half-pint bottle contain¬ 
ing 50 c.c, of banana-agar medium. In recent daily transfer experiments, 
egg counts of nearly 150 a day have been recorded for the best females at 
the top of their egg-laying activity, and an average of about a hundred for 
the peak of an experiment involving 17 females. Hence it is no longer 
recommended that daily transfers be carried out in vials or in any culture 
bottles less adequate than the standard half-pint milk bottle. 

A new design of culture bottle having a square bottom with rounded 
comers, and a somewhat greater food capacity than the milk bottle, has 
been iflanufactured for us by the Illinois Pacific Glass Company, of San 
Francisco. These can be ordered, in lots of five or more gross, at the anTrifl 
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price as the half-pint milk bottle. This bottle has other advantages, includ¬ 
ing a conical shape that holds the food cake firmly in place while the flies 
are being removed. 

Many mutant characters that have been worked with recently show 
progressively less development of the character as the cultures get older, a 
type of "changing over" of which Abnormal abdomen is the familiar exam¬ 
ple. Work has been done successfully with these, notably Beadex*, Lobe* 
and thoraxate, by transferring each mother through a series of ten bottles 
instead of leaving her for a longer time in one bottle. The bottles for the 
first day usually have no offspring. This method gives the best solution in 
the standardisation for the age effect upon crossing-over and the most undis¬ 
torted zygotic ratios. 



CHEMISTRY 

Noyes, Arthur A., California Institute of Technology, Pasadena, Cali¬ 
fornia. Researches upon: (1) free energies and reduction-potentials; 
(2) structure of crystalline substances determined by X-rays; (3) 
atomic and molecular structure, theoretical; (4) rates of gaseous chem¬ 
ical reactions; ( 5 ) the mechanism of reaction-rates; (3) chemical reac¬ 
tions produced by molecules activated by radiation; (7) band spectra 
and the structure and binding energy of molecules; (5) general physics. 
(For previous reports see Year Books Nos. 2-29.) 

Funds supplied by the Carnegie Corporation of New York to the Carnegie 
Institution of Washington for the support of fundamental studies in chem¬ 
istry at the California Institute of Technology have enabled the following 
investigations to be carried out. 

1. Free Energies and Reduction-Potentials 

The following researches have been carried out in association with Pro¬ 
fessor D. M. Yost. 

Dr. S. C. Woo has completed the study of the reduction-potential between 
chloroiridous and chloroiridic acids. The electromotive force at 25° is 
found to be —1.021 volts for the electrode reaction: 

IrCU-(c f. in 1.0 f. HC1) = IrCl 6 “ (c f. in 1.0 f. HC1) + ET 

In connection with this work a potentiometric method for the analysis of 
iridium was developed in which its quadrivalent compounds are reduced 
with trivalent titanium. 

Mr. John McMorris has determined the free energy of formation of 
gaseous iodine monobromide from the elements in the gaseous state. The 
free-energy change is expressed by the equation: 

Vi h (g) + y 2 Br 2 (g) = IBr (g) + (1270 + 1.745 T) cal. 

The entropy of IBr (g) at 25° and 1 atm. was calculated and found to be 
60.6 cal. per degree. A study of existing data showed that the entropy of 
any diatomic interhalogen compound lies between those of the gaseous ele¬ 
ments from which it is formed. 

Mr. John B. Hatcher has determined the vapor-densities of mixtures of 
selenium and bromine. The results show that the hitherto unknown 
selenium dibromide exists in the gaseous state. It was also found that the 
tetrabromide and monobromide both decompose completely in the gaseous 
phase, the former yielding the dibromide and bromine, and the latter the 
dibromide and selenium. 

Mr. John B. Hatcher has also determined the vapor-densities of tellurium 
tetrabromide, tellurium dibromide, and selenium dioxide over wide ranges 
of temperature. The tetrabromide was found to be decomposed into the 
dibromide and bromine extensively at 432°, and almost completely at 600°. 
The dibromide is normal up to 750°, above which decomposition into 
tellurium and bromine begins. Selenium dioxide was found to have a nor¬ 
mal density in the temperature-range from 360° to 500° with no evidence 
416 
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of polymerisation or decomposition. It was also proved that the color of 
the vapor is due to selenium dioxide, not to elementary selenium or to a 
lower oxide. 

In association with Professor A. 0. Beckman, Mr. Albert Myers has con¬ 
tinued the investigation of high-temperature reactions by studying that 
between chromic oxide and carbon. The measurements, now nearly com¬ 
plete, indicate lower equilibrium-pressures of carbon monoxide than the 
values previously reported by Heusler in 1926. 

Mr. Robert C. Barton, in association with Professor S. J. Bates, has studied 
the electromotive forces of cells of the type H 2 , HC10*(c, /) + HCI(c 2 f), 
AgCl(s) + Agi(s) at ionic strengths from 0.01 to 1.0 and at ratios of Ci/c 2 
of 1, 3, and 9. The results show that at constant ionic strength the product 
of the activity-coefficients of the H + and Cl" ions increases slightly as the 
ratio Ct/c, increases, that is, as Cl" ion is replaced by CIO*" ion. This 
product passes through a minimum with increasing ionic strength as has 
previously been found for solutions of pure hydrochloric acid and for solu¬ 
tions containing also other chlorides or salts with non-common ions. As a 
whole the results confirm the views that the activity-product depends only 
to a secondary extent on the nature of the added salts and that the activity 
of the H + ion rises unusually rapidly with increasing ionic strength. 

2. Structure of Crystalline Substances Determined by X-Rays 

Dr. Linus Pauling and Mr. S. Weinbaum have begun the study of the 
structures of metallic sulfides and sulfo-salts by determining the size of 
unit, space-group symmetry and approximate atomic arrangement of the 
orthorhombic crystal enargite, Cu s AsS 4 . Dr. J. H. Sturdivant and Mr. 
R. I. Stirton have prepared crystals of A1PO* and have shown that these 
crystals are remarkably similar to quartz, the trigonal and hexagonal units 
of structure having nearly the same values of a and nearly twice the values 
of c shown by the corresponding modifications of quartz. Dr. Sturdivant 
and Mr. Weinbaum have determined the size of unit and space-group 
symmetry of beryllonite, NaBePO*, and wolframite, FeWO*. Laue photo¬ 
graphs of beryllonite showed the crystal to be monoclinic rather than 
orthorhombic, as reported by crystallographers. Mr. J. L. Hoard has deter¬ 
mined the unit of structure and space-group symmetry of the hexagonal 
crystal KAg(CN) 2 ; and Dr. T. N. White has carried out a similar study 
of the orthorhombic crystal ZnCl 2 .2NH 8 . 

The study of the intensity of reflection of X-rays by crystals has been 
continued by Dr. Sturdivant with the Astbury integrating «-ray pho¬ 
tometer; and he has designed a special ionization spectrometer for accurate 
intensity measurements. Mr. L. 0. Brockway, under the supervision of 
Professor R. M. Badger, has designed and constructed an electron-diffrac¬ 
tion apparatus. 

3. Atomic and Molecular Structure: Theoretical 

Professor Linus Pauling, applying quantum mechanics to the problem of 
the chemical bond, has formulated a set of rules regarding electron-pair 
bonds, and has developed a semi-quantitative treatment of bond eigenfunc¬ 
tions leading to a number of new results regarding the strengths and rela¬ 
tive orientations of bonds. He has also developed a theory of the magnetic 
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moments of molecules, complex ions, and crystals which permits conclusions 
regarding the type of bond to be drawn from experimental data on the mag¬ 
netic susceptibility of substances. A theoretical discussion has been given 
of the one-electron bond, present in the hydrogen molecule-ion and in the 
boron hydrides; and it has been shown that a three-electron bond should be 
stable under certain conditions, thus explaining the unusual properties of 
nitric oxide, molecular oxygen, and a few other molecules. 

Professor Pauling and Mr. J. Sherman have derived a set of screening 
constants for all electrons in all atoms from X-ray term values and ionisa¬ 
tion-potentials, and have applied it in calculating a complete set of atomic 
scattering factors of atoms and ions for X-rays. Professor Pauling, Dr. B. 
Podolski and Mr. S. Weinbaum have attacked the problem of the solution 
of the wave equation for the normal state of the* hydrogen molecule with the 
use of a three-parameter variation function, and have made progress in the 
lengthy numerical calculations involved. 

4. Rates of Gaseous Chemical Reactions 

Professor H. C. Ramsperger found that nitrosyl chloride (NOC1) and 
methyl alcohol react incompletely in the gas phase so as to establish the 
equilibrium expressed by the equation: 

CH s ONO (methyl nitrite) + HC1 = CH B OH + NOC1. 

Mr. J. A. Leermakers has determined this equilibrium by measuring the 
concentration of nitrosyl chloride by a light-absorption method; the equi¬ 
librium being approached from both sides. At 25° the equilibrium-constant 
is 0.513, and at 50° it is 0.747; from which one finds the following values 
for the changes in free energy, heat-content and entropy attending the 
reaction at 298.1° A. 

A F = 396 cal. AH = 2880 cal. AS = 8.34 cal. per degree. 

In association with Professor Ramsperger, Mr. Guy Waddington is inves¬ 
tigating the rate of the thermal decomposition of gaseous trichlormethyl¬ 
chloroformate (ClCOOCCls), which decomposes at a measurable rate at 
temperatures from 270° to 305°C into two molecules of phosgene (COCl 2 ). 
The rate was followed by pressure measurements, and was found to be accu¬ 
rately of the first order during the progress of any one experiment. More¬ 
over, no change in the first-order rate constant was found in varying the 
initial pressures from 4.4 mm. to 16.1 mm. The energy of activation is 
approximately 41,000 cal. per mol. The reaction will be studied at lower 
pressures, so as to provide a further test of the theories of unimolecular 
reaction-rate. 

Professor Ramsperger has constructed a greaseless and chemically inert 
valve to replace greased stopcocks in gas researches. These valves will 
make it possible to study many reactions of chemically active gases which 
could not be conveniently investigated before. 

5. The Mechanism of Reaction-Rates 

In association with Professor D. M. Yost, Mr. W. H. Claussen has meas¬ 
ured the rate of the catalysed reaction between peroxysulfate ion and vanadyl 
ion with silver ion acting as the catalyst. The mechanism of the reaction 
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was found to be the same as that of the previously studied reaction where 
chromic salts acted as the reducing agent. The mechanism consists, namely, 
in the slow oxidation of univalent silver and the subsequent rapid reduction 
of the oxidized (trivalent) silver by the reducing agent. The specific reac¬ 
tion-rate was also found to be the same. It was concluded that the more 
rapid rates observed when ammonia and oxalic acid served as the reducing 
agent result from the greater reactivity of the complex ions formed from 
these substances and silver ion. 

Professor R. C. Tolman and Mr. P. D. Brass have completed some ex¬ 
periments on the rate of the dissociation of nitrogen tetroxide (of N*0 4 into 
NO*). These were made by expanding a mixture of the tetroxide and 
dioxide through a diaphragm and correlating the temperature-drop at dif¬ 
ferent distances along the rapidly flowing stream of gas with the rate at 
which dissociation of the tetroxide is taking place. The results indicate a 
specific reaction-rate at 25° and 1 atm. of about 10* per second. The 
method can not be regarded as definitive or accurate; nevertheless, the 
result is of interest in view of the large number of elaborate and fruitless 
attempts which have previously been made by other investigators to deter¬ 
mine the rate of this very fast reaction. 

6. Chemical Reactions produced bt Molecules Activated bt Radiation 

Professors R. G. Dickinson and A. 0. Beckman have investigated the 
mercury-sensitized decomposition of gaseous hydrazine (N*H 4 ) into am¬ 
monia, nitrogen and hydrogen. A maximum yield of one molecule of 
hydrazine decomposed per quantum of radiation (A 2537 A) absorbed was 
obtained, in striking disagreement with the minimum value of thirteen 
reported by other investigators. 

The following researches have been pursued in association with Professor 
R. G. Dickinson. 

Dr. S. F. Ravitz has continued the study of the photochemical reaction 
between gaseous iodine chloride (IC1) and hydrogen. Under the conditions 
employed the reaction proceeded with not more than a short chain. 

Mr. P. G. Murdoch has constructed an amplifier for the photoelectric 
measurement of light absorption. 

Dr. C. E. P. Jeffreys has investigated the kinetics of the photochemical 
reaction between iodine and cyclohexene in benzene solution. The disap¬ 
pearance of iodine has been found to be a chain reaction whose rate in¬ 
creases rapidly with concentration both of the iodine and of the cyclohexene 
and whose rate is proportional to the square-root of the intensity of the 
light. 

Mr. Jesse Watson, under the direction of Professor A. O. Beckman, has 
developed for the measurement of radiation in photochemical experiments 
a new type of balometer, which appears to be superior to older types.in 
sensitivity and ease of construction. 

7. Band Spectra and the Structure and Binding-Energy of Molecules 

The program instituted last year for the investigation of the absorption 
of polyatomic gases in the photographic infra-red has been further pursued, 
and Professor R. M. Badger and Mr. J. L. Binder have studied the spectra 
of hydrogen cyanide and ethylene gases. Hydrogen cyanide was found to 
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be a linear molecule with the structure represented by the formula HCN, 
and to have a moment of inertia 18.79 X10 -40 gm. cm. 1 The ethylene 
molecule is of special interest, since it has a comparatively simple structure 
of the most general type, with three unequal moments of inertia, which so 
far has been very little studied. The observed spectrum is very similar to 
that predicted by quantum mechanics on the basis of simplified assump¬ 
tions, and it is expected that it can be submitted to a practically complete 
analysis. 

Professors R. M. Badger and D. M. Yost have observed a new spectrum 
in the near infra-red due to gaseous iodine bromide. The spectrum shows 
definitely that the molecule of iodine bromide is capable of absorbing light 
and dissociating into two unexcited halogen atoms. The spectroscopic dis¬ 
sociation energy was found to be 41,520 cal, in perfect agreement with the 
spectroscopic dissociation energies of iodine and bromine and with the 
energy change found for the reaction I 2 -f- Br* = 2IBr, by Professor Yost 
and Mr. McMorris as described above. 

Professor R. M. Badger and Dr. S. C. Woo have studied the absorption 
of the gaseous molecules of the halogen cyanides in the ultra violet, and 
have obtained upper limits for the dissociation energies of these substances. 
The similarity of the spectra indicates that the cyanides of chlorine, 
bromine, and iodine are all similar in structure and are built up from a 
normal halogen atom and a normal cyanogen radical. 

8. General Physics 

Professor R. C. Tolman has continued his researches on the extension of 
thermodynamics to general relativity. He has published articles on ther¬ 
modynamic equilibrium in the Einstein static universe, on the problem of 
the entropy of the universe as a whole, and on a non-static model of the 
universe with reversible annihilation of matter; also a paper with Professor 
Ehrenfest on temperature equilibrium as affected by gravitational action. 
In fields not connected with thermodynamics he has published a discussion 
of the various treatments which have been given to the non-static line ele¬ 
ment for the universe; also, with Professor Ehrenfest and Dr. Boris Podol¬ 
sky, a theoretical treatment of the gravitational field produced by light, and 
with Professor Albert Einstein and Dr. Podolsky, a discussion of past and 
future in the quantum mechanics. 
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Babcock, E. B., University of California Agricultural Experiment Station, 
Berkeley, California. Investigations in the genus Crepis. (For previ¬ 
ous reports see Year Books 25-29.) 

The work of the past year has been concentrated along two lines, viz, 
(1) an effort to increase the number of species under investigation; (2) the 
study of interspecific hybrids. At the same time there has been progress on 
the taxonomic monograph of the genus, especially in the preparation of 
drawings for purposes of illustration. There have also been some minor 
studies on the genetics of certain species, particularly of Crepis dioscoridis; 
and Dr. Navashin has reported some new work on chromosomal variations. 

Additional Species under Investigation 

In trying to increase the number of species under investigation the writer 
made a collecting expedition during April-August 1930. By following a 
carefully prepared itinerary, covering the general region between Madeira 
on the west and Crete and Greece on the east, it was possible to obtain liv¬ 
ing material, roots or seeds, of 21 species not previously available for study 
and much additional material of sorts already under cultivation in our ex¬ 
perimental garden. These additional species, together with a few obtained 
from other sources, increase the list of species under investigation in living 
condition almost to 100, which is approaching half of the total number 
known in the genus. As field work proceeds, however, there is the occa¬ 
sional discovery of entirely new species. For example, 3 of the 21 obtained 
by the writer last year were not known previously; yet these were obtained 
in regions where many botanists had collected. As our field work extends 
into less accessible regions other new species will doubtless be discovered. 
Study of the chromosomes of the new accessions is now under way. 

Interspecific Hybrids 

The work on Crepis rubra (n = 5) X C. fcetida (n = 5) and some of its 
derivatives has been continued. Among other products of this cross were 
some amphidiploid plants (2n rubra + 2n fcetida ) which, when selfed pro¬ 
duced highly variable progenies. C. F. Poole has made selections on the 
basis of fertility, looking toward the establishment of new stable races or 
potential species. He is also studying the inheritance of certain species 
characters in these derivatives. 

Several new interspecific hybrids are now being investigated. Crepis 
syriaca (2» — 10 —14) has been crossed with its close relative, C. alpina 
(» = 5). In C. syriaca there is a basic genom of 5 pairs and one extra 
chromosome which may occur 0,1, 2, 3, or 4 times, thus giving the diploid 
numbers, 10, 11,12, 13 and 14. The extra chromosome has certain rather 
indefinite effects upon external morphology and it seems to play a definite 
rdle in the degree of self-fertility found in different syriaca plants. Strains 
of syriaca with 10, 11, 12 and 13 chromosomes were crossed with alpina. 
The Fi hybrids were fairly uniform and fertile and strongly resembled 
alpina. The F a progenies are now being studied. This work will be fully 
reported by D. R. Cameron who is doing the research. 
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Crepis setosa has again been used in hybrids which are yielding results of 
considerable theoretical interest. From an F 2 of C. tectorum (n * 4) X 
setosa (n — 4) some of the F 2 progeny have 12 chromosomes (2n setosa -f- 
n tectorum). From these highly vigorous plants it is possible that some 
new stable species will be derived. Another interspecific hybrid, viz, C. 
rdcceensis (n=4) X setosa has yielded promising F 2 progeny. One such F 2 
hybrid when selfed produced offspring with 7 setosa +1 nicceensis chromo¬ 
somes which may yield new stable derivatives. Another similar F x pro¬ 
duced several offspring having 24 chromosomes. These new hybrids involv¬ 
ing C. setosa are being investigated by S. L. Emsweller who will report on 
them and their derivatives. 

The making of new interspecific hybrids is going on and 38 such hybrids 
were obtained from crosses made in 1930 by C. W. Haney. In 22 of these, 
either one or both parents are recent accessions. Of the 24 species added 
to our living collection in 1930, a few were received in the form of living 
roots and 4 of these flowered in time to be used in crosses with other species. 
C. clausonis (n — 4), an interesting species from North Africa, has been 
crossed with 10 other species, as follows: n — 3, capillaris; n = 4, aspera, 
bursifolia, divaricata, myriocephala, parviflora, taraxadfolia, tectorum; 
n = 5, leontodontoides; n — 6, montana. C. divaricata (n = 4), a Ma¬ 
deiran species, has been crossed with 9 species, viz, n — 4, amplexifolia, 
aspera, clausonis, dioscoridis, pulchra, taraxadfolia, tectorum; n — 6, mun- 
gieri; n = 8, hactceli. Among these many hybrids some at least should pro¬ 
duce results of scientific interest. 

Of special value because of the light they throw on genetic relationships 
are hybrids of C. dioscoridis (n = 4) with pulchra ( n — 4) and pannonica 
(n = 4). The first hybrid is small and weak while the second is very 
robust. This is in agreement with the morphology of the chromosomes of 
the three species and of the plants themselves. For similar reasons another 
group of new hybrids has special interest. These are crosses of C. conyzce- 
folia (n = 4) with blattarioides (n = 4) and pannonica. The first cross 
gave only one extremely small seedling which may not develop, while the 
second produced several healthy seedlings. This result is in agreement 
with chromosome morphology but not with external morphology, which 
places conyzcefolia and blattarioides in subgenus Catonia and pannonica in 
Eucrepis. This might seem at first to indicate that these subgenera are 
hardly to be considered as natural groups. Much evidence must be con¬ 
sidered, however, before this conclusion is reached. For example, pan¬ 
nonica has also been crossed successfully with blattarioides, another Catonia 
species having less similar chromosomes; and even wider crosses have been 
made between Eucrepis and Barkhausia species. The general trend of the 
evidence indicates that the three or four subgenera are natural and very 
closely related groups of species. 

Genetics of Crbpis dioscoridis 

A study has been made by Swam Singh, a graduate student, on the 
inheritance of glabrous vs. hairy involucre; anthocyanin in leaves; presence 
vs. absence; normal green vs. yellowish green leaves; tall, erect habit vs. 
low, bushy habit; and white, flat marginal achenes, presence vs. absence. 
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In all cases except the last, the ratios obtained indicate the character con¬ 
trast to be dependent upon a single pair of genes. The occurrence of white, 
flat marginal achenes seems to be conditioned by two complementary genes. 
These peculiar marginal achenes are one of the distinctive features of this 
species. On the other hand this and other species have been found to be 
highly variable under wild conditions as to the presence of their distinctive, 
marginal achenes. In this connection the present demonstration of the 
simple genetic basis for this character in C. dioscondis is of considerable 
interest. Of similar interest to the taxonomist is the fact that, in this and 
four other species of Crept*, glabrous vs. hairy involucre behave as simple 
allelomorphs. This also suggests the possibility that the genes involved in 
the several species are homologous. Two of the other recessive characters 
included in this study, absence of anthocyanin and yellow herbage, had been 
found by Collins to occur in C. capillaris. Furthermore, the absence of 
typical white marginal achenes has been reported in C. aspera by Navashin. 
The study of favorable interspecific hybrids between capillaris and dios- 
coridis and between dioscoridis and aspera should yield results of phylo¬ 
genetic significance. 

Spontaneously arising gross alterations in the chromosomes of Crepis 
tectorum have been discovered by Dr. M. Navashin, with whom close coop¬ 
erative relations are maintained by the writer. Some of these alterations 
have resulted in the production of a large V-shaped chromosome where 
none existed before and, on the other hand, a certain chromosome has been 
almost completely eliminated as such through translocation of most of its 
substance to another chromosome. It seems probable that such chromo¬ 
some alterations may play a role in species formation. At any rate they 
give a clue to the origin of some of the characteristic chromosome types 
found in Crepis. Thus the origin of the large V-shaped chromosomes found 
in many species, especially in Crepis pulchra and its relatives, may have 
resulted from just such alterations. Furthermore, a heterozygous altera¬ 
tion arising in tissue from which germ cells are produced would result in new 
types of progeny and hence might be a direct evolutionary process. 

This report is based on papers published and reports filed during the year 
(see Bibliography under, Hollingshead, Avery, Poole, Navashin). 

The following persons have assisted in the work during the past year: Dr. 
C. F. Poole, Associate, Mr. C. W. Haney, technical assistant; Mr. D. R. 
Cameron, Mr. F. L. Smith, research assistants; Dr. M. Navashin, col¬ 
laborator. Of the many persons who assisted in the work of collecting in 
foreign countries, the following rendered most valuable help: Dr. A. C. de 
Noronha, M. A. Faure, Prof. Ren4 Maire, Signora E. Fenzi, Mr. G. S. 
Naxakis, M. Fernand Guiol, Mr. P. S. Topali and Dr. A. E. Colback. 

Banta, A. M., Brown University, Providence, Rhode Island. Completion 
and preparation jor publication of studies with Cladocera. (For prevf- 
ous reports see Year Book No. 13.) 

Continuation of the Studies on Mutation in Cladocera 

The main study in progress is upon the rate of mutation in Cladocera. 
The important, almost unique, advantages of our material for this study 
are (1) that it may be reared indefinitely by diploid parthenogenesis and 
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that (2) all the descendants of a given individual may be expected to be 
genetically identical, except as mutations occur. Morphological mutations 
appear to be infrequent but other mutations, especially recessives producing 
physiological effects, are fairly numerous. Our studies on inheritance in 
sexual reproduction both by inbreeding within certain clones and by cross¬ 
breeding have revealed effects explicable only as due to recessive mutations 
—lethals, semi-lethals and other mutations of physiological import, which 
occur during parthenogenesis, but being recessive fail to reveal their effects 
until rendered homozygous by recombination in sexual reproduction. The 
theory developed is that such mutations (which, though usually recessive, 
are not always so) accumulate during long-continued parthenogenesis. 

In order to test the reliability of this theory we are studying four clones 
over a period of a few years. We have the results of their breeding, espe¬ 
cially inbreeding, during their earlier parthenogenetic history and are ob¬ 
taining results of similar breeding at successive later periods, after longer 
and longer periods of continued parthenogenesis. It is not feasible to learn 
the exact numbers of such mutations, but in the successive breeding, sexu¬ 
ally, of clones the results indicate that more and more of these mutations 
have come in with the increase in numbers of generations of antecedent 
parthenogenetic reproduction. The results obtained during the past year 
provide additional data and further substantiate former conclusions: that 
these mutations accumulate during parthenogenesis and that their rate of 
occurrence is not the same in different clones of Daphnia longispina. 

Results of a preliminary study by Thelma R. Wood and George A. Smith 
indicate that Moina macrocopa likewise accumulates recessive mutations 
during parthenogenesis, though apparently to a lesser extent than Daphnia 
longispina. This study will be carried further. 

Among the interesting mutants previously reported upon are the dwarfs 
and slow developers. Most of these are not very vigorous clones. How¬ 
ever, Miss Wood has secured a considerable number of fertilized eggs from 
inbreeding and from crossbreeding these clones with normal types. Some 
of these are now being hatched. We should soon have more definite infor¬ 
mation concerning the genetic basis of these characteristics. 

Further Study of the Factors Involved in Control of Sex in Moina 

In addition to his contribution of a bacterized medium, a more uniform 
medium for the culture of Cladocera under closely controlled conditions, 
Dr. C. A. Stuart of Brown University has, in collaboration with the writer, 
demonstrated that quantity of food may be a deter minin g factor in the 
control of sex in Moina macrocopa. This demonstration may readily raise 
the question whether quantity of food may unwittingly have been the dif¬ 
ferential factor involved in some of the sex-control work published by Banta 
and Brown, although it is clear that such can not have been the case in 
much of this work. Our recent experiments, and others of Brown and 
Banta directed especially toward distinguishing between quantity of food 
and excretory products as the determining factor in experiments, in which 
male pfoduction by Moina macrocopa is associated with crowding of the 
mothers, have produced some interesting results. These results seem to 
indicate that something other than the quantity of available food is the 
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deciding factor in most experiments with crowding. These results are con¬ 
sistent with our interpretation of excretory products as the differential 
factor in sex control in crowding experiments with Moina. Exceedingly 
little is known, however, of the excretory products of Cladocera and we are 
entirely ignorant as to what is the actual element (or elements) of the 
excretory products responsible for these effects. 

The study (Brown and Banta) of the relation between temperature and 
the sex ratio in Moina macrocopa is in press. The results of this study sug¬ 
gest a possible relationship between the viscosity of protoplasm and sex 
determination in this animal and provide further presumptive evidence in 
support of our hypothesis of a sex chromosome mechanism in this animal. 

Birdie McAllister has obtained evidence that sex control may be effected 
in Moina affinis by at least some of the same means as in Moina macrocopa. 
She hopes to continue this study at Brown University. 

Relationship Between Quantity of Food, Number of Animals, and Rate of Growth 
and Development in an Aquatic Environment 

A first study of the relationship between the quantity of food, number of 
animals present, and rate of growth and development in an aquatic environ¬ 
ment has been made by means of experiments planned for and conducted by 
Maurita E. McPherson. It is strongly suggested that the divergent results 
of certain workers on the effects of density of animal population in an 
aquatic environment are explicable as due to lack of control of the quantity 
of available food. Excess quantity of food organisms (bacteria) may be 
as deleterious as great scarcity. Mechanisms possibly involved in this 
result are discussed in a paper nearly ready for the press. 

Progress has been made on writing up the series of studies on the occur¬ 
rence of mutation in Daphnia longispina. The ground has been cleared for 
more rapid progress in this work hereafter. This has -been further facili¬ 
tated by the cooperation of Brown University in relieving me from giving 
lectures next year. 
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Bjerknes, V., Oslo, Norway. Preparation of a work on the application of 
the methods of hydrodynamics and thermodynamics to practical 
meteorology and hydrography. (For previous reports see Year Books 
Nos. 5-29.) 

The work of the current year has been concentrated entirely upon the 
working out of the text book referred to in the previous report: Physical 
Hydrodynamics with Applications to Meteorology, by Y. Bjerknes, H. 
Solberg, J. Bjerknes, T. Bergeron. 

Physical hydrodynamics deals with the motion of fluids of full physical 
reality in as much as the density of the fluid is considered as a function 
of pressure and temperature, while “classical” hydrodynamics considers 
either perfectly incompressible fluids or fluids in which density depends 
merely upon pressure. The great difference is that the classical fluid can 
not perform work in a thermodynamical engine. Therefore classical hydro¬ 
dynamics can not enter upon the questions of the primary causes of atmos¬ 
pheric or oceanic motions, nor deal with the internal motions of bodies as 
the sun and the stars, while these vast new fields fall within the scope of 
physical hydrodynamics. 

A short summary will show the plan of the book and give an idea of 
the problems taken up in it. 

After an introduction dealing with the mathematical aspect of the prob¬ 
lems, the equations of physical hydrodynamics are given both in Eulerian 
and in Lagrangean form, and corresponding to the new variable introduced, 
temperature, a new equation is added, expressing the principle of the con¬ 
servation of energy. Then the complete system of equations, both in its 
Eulerian and in its Lagrangean form, is transformed to generalized coordi¬ 
nates, so that for any special problem the most convenient coordinates 
may be used. 

Then the general properties of the hydrodynamic fields of motion are 
discussed from both the dynamic and thermodynamic point of view, by 
use of conspicuous general theorems deduced from the general equations— 
thus the general theorems of the formation of vortices and the special ones 
of the conservation of vortices. The properties of the simple circular 
vortex are discussed carefully on account of its great importance for the 
most diverse problems—from those of rotating gaseous masses as the sun 
or the atmosphere of the earth to the micro-vortices underlying the break¬ 
ing up of laminar motions into turbulent motion. As examples of the large 
scale phenomena, it is shown how, from the distribution of velocity in the 
atmosphere, one can calculate the difference of temperature between equator 
and pole, and how one can calculate the temperature depression in a sun 
spot under the supposition that from the dynamic point of view the spot 
is a vortejc. Finally it is shown how the general atmospheric circulation 
may be understood as to its main character on the basis of the general 
theorems deduced. 
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Then a special type of general properties of the hydrodynamic fields of 
motion are developed, namely, the remarkable analogies of these fields to 
electrostatic and magnetic fields. A very neat application of the results 
here gained is the explanation of the astonishing fact which has been 
found by the measurement of the size of raindrops, viz, that they occur 
in groups in which their size varies as the powers of 2. Thus the majority 
of the drops have sizes proportional to the numbers 1, 2, 4, 8, 16, 32, 64, 
etc.; this law begins with the microscopic drops and continues up to the 
greatest ones falling from the thunder clouds. It is shown that the phe¬ 
nomenon is due to two causes, the hydrodynamic actions at a distance due 
to the motion of the drops through the air, and the electrostatic actions 
at a distance due to the fact that the drops are always in an electric field, 
and in especially strong fields in thunderclouds. These forces tend to join 
all falling drops, but are in general too feeble to do it except for drops 
which are of the same size, and therefore fall with the same velocity, so 
that for sufficiently long periods they may be subject to their mutual 
attractions. 

The general theorems deduced from the hydrodynamic equations can 
give only a general understanding of the great atmospheric motion. The 
integration of the equations for arriving at explicit mathematical repre¬ 
sentations of these motions by far supersedes the forces of mathematics of 
our days. Other ways must therefore be sought for arriving at mathe¬ 
matical theories of these atmospheric phenomena, which especially interests 
us, namely, the atmospheric disturbances. Here a way which has proved 
useful in other branches of applied mathematics may be tried. The atmos¬ 
pheric disturbances develop from relatively simple states of steady motions. 
They begin as small disturbances of this steady state, and only gradually 
increase to their ultimate strength. But then we may hope to be able to 
study the initial state of the disturbance according to methods of which 
the first classical example is Lagrange’s investigation of the small oscilla¬ 
tions of any dynamical system in the neighborhood of a state of stable 
equilibrium, and its exponential falling away from the initial state if the 
equilibrium was unstable. Such small disturbances can always be studied 
by use of equations which can be reduced to linear form, and thus in the 
simplest cases integrated. 

The next problem taken up in the book is therefore the general reduction 
of the equations of hydrodynamics to linear form for applying them for the 
study of small disturbances. The linearized forms of the hydrodynamic 
equations are given both for the ordinary coordinates and for all kinds of 
generalized coordinates, and parallel for Eulerian and Lagrangean form. 

The remaining chapters of the theoretical part of the book are devoted 
to the problem of integrating these equations for small disturbances in cases 
in which it may be hoped to find meteorologically useful results. 

First disturbances of simple states of equilibrium are investigated. This 
leads to a generalization of the theory of waves. Hitherto, only two types 
of waves in fluid media have been subject to the attention of mathema¬ 
ticians: the pure longitudinal (acoustic) waves in compressible fluids and 
the pure surface waves on the boundary surface of incompressible fluids. 
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The first have elastio energy of propagation; the field of gravity in which 
they propagate is neglected. The second have gravitational energy of 
propagation, and the elasticity of the fluid is neglected. But fortunately 
it proves possible to find solutions of the equations in which gravitation 
and compressibility are simultaneously taken into account, and thus to 
find a generalized class of waves of which the pure waves of compression 
and the pure gravitational waves are special cases. These waves are dis¬ 
cussed fully for the case of an isothermal atmosphere—in that case the 
solution is expressed by elementary functions—and the formal solution in 
terms of Bessel-functions is given also for the case of an atmosphere with 
linear temperature field. But it would lead too far to mention all the inter¬ 
esting types of waves presenting themselves. 

The results giving the disturbance of a state? of equilibrium are easily 
generalized for the initial state of rectilinear motion of a single layer or of 
different layers resting upon each other. The case of instability which turns 
up when the difference of velocity between the two layers passes a certain 
limit is carefully discussed. 

The next step is to study the disturbance of curved currents, and for 
simplicity these curved currents are supposed to be circular. The problem 
is that of the disturbance of the circular vortex. The general conditions 
of stability of this vortex have been given already. Here explicit solutions 
are given as examples, with determination of the periods of oscillation and 
the velocities of propagation of the different types of waves which can here 
occur. Special attention is directed to the cellular inertia waves, which 
have been mentioned in a previous report (Year Book No. 28), and which 
prove to be of high importance, both for the small scale turbulence in 
hydraulic experiments and for the theory of cyclones. 

This naturally leads to a general investigation of the influence of the 
earth’s rotation upon different types of waves. 

All these minute investigations of waves, which present themselves under 
the simplest conditions, have been necessary in order to make it possible 
to recognize the different types of waves when we pass to solutions of more 
complicated problems. The last chapter of the theoretical part of the book 
deals with waves propagating at the boundary surface of two isothermal 
layers of air on the rotating earth. And reviewing and classifying all the 
different types of waves which are here possible as combined elastic, gravi¬ 
tational and inertia-waves, one special type is found, which in remarkable 
detail seems to give the phenomena of the new-formed cyclone, as these 
present themselves according to the empirical investigations of the Bergen 
school of meteorologists. We have every reason to believe that this gives 
us the first mathematical representation of the cyclone formation. 

The last part of the book deals with the empirical aspect of meteorological 
phenomena and a discussion of their correspondence with the developed 
theories. For the main results of these empirical investigations we may 
refer to the annual reports in the last ten or eleven Year Books. They are 
reviewed systematically in the last part of the book. 

The four authors of the book have been assisted very effectively by 
Mr. C. L. Godske, whose mathematical skill has been of great value to them. 
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Hobbs, Wm. H., University of Michigan, Ann Arbor, Michigan. Investi¬ 
gations in aerological and other research in Greenland. 

Two stations were established in Greenland, one located on the west 
coast in the high latitude of 72° 50', in charge of William S. Carlson; the 
other at Ivigtut in extreme south Greenland, where Evans S. Schmeling 
has been located. 

To supplement the grant from the Carnegie Institution, Mr. Harry 
Demorest has contributed $1500 and the cost of an ocean passage as the 
expenses of his son Max, who has acted efficiently as Carlson’s assistant. 
Equipment for the stations has been loaned by the U. S. Weather Bureau, 
the U. S. Coast and Geodetic Survey, the University of Michigan, and 
W. & L. E. Gurley, instrument makers at Troy, New York. The Director 
of the Northwest Territories and Yukon at Ottawa supplied transportation 
of the northern party to Greenland on the Canadian steamer Beothic at 
a nominal sum, and Mr. Schmeling was similarly allowed passage to and 
from Ivigtut from Philadelphia on one of the freight steamers chartered 
by the Pennsylvania Salt Manufacturing Company of Philadelphia. On 
my recommendation, Mr. Carlson was awarded the Leach Fellowship of 
the American-Scandinavian Foundation with an honorarium of $1500. 
Without these aids the expedition must have been much less successful, if 
indeed it could have been accomplished at all. 

Carlson at the northern base erected a hut upon a small island only two 
miles distant from the inland-ice, which has proved to be exceptionally 
favorable for aerological work, since no less than 238 pilot balloon ascen¬ 
sions have been carried out. In a noteworthy degree the results conform 
with those made at Mount Evans by the University of Michigan Expedi¬ 
tions of 1927-9. 

On a dogsled expedition up the coast to the Devil’s Thumb in Melville 
Bay which covered 750 miles, Carlson photographed the fronts of all the 
glacier outlets, with a view to future measurements to show advance or 
retreat, and he remeasured the front of the Cornell Glacier which was 
measured by Tarr’s party more than thirty years ago. Extensive ground 
meteorological observations were maintained at the base throughout. 

At the southern Station of the expedition located at Ivigtut in latitude 
61° conditions have been much less favorable, but Evans S. Schmeling has 
been able to carry out 198 pilot balloon ascensions during the twelve months 
from September 1930 to September 1931, in spite of the snows and fogs of 
the winter season with some 96 additional low ascents during bad weather. 

Both stations are now closed and the staff returned to Aim Arbor. 

The scientific results from this expedition are to be published in the 
series: “Reports of the Greenland Expeditions of the University of Michi¬ 
gan.” A brief preliminary note to show the coordination of stations ip 
Greenland appeared recently in the Bulletin of the American Meteorological 
Society. 



NUTRITION 

Mendel, L. B., and H. B. Vickery, New Haven, Connecticut. Continua¬ 
tion and extension of work on vegetable proteins. (For previous reports 
see Year Books Nos. 3-29.) 

The comparison of the size, structure and composition of rats of a common 
strain belonging to our long-established colony and reared under essen¬ 
tially identical environmental conditions has progressed satisfactorily. It 
is part of the plan for the consideration of what constitutes “optimal” rather 
than “average” or “normal” or “maximal” growth. Examinations have 
been made, by Dr. Julia P. Outhouse in Professor Mendel’s laboratory and 
Mr. Gairdner B. Moment in Professor Harrison’s' laboratory in Yale Uni¬ 
versity, in the case of rats at the same body weight attained at widely 
different rates of growth. Dr. Outhouse, who is preparing her extensive 
data for publication, reports: 

“In this study of the influence of rate of growth upon skeletal develop¬ 
ment, healthy male albino rats of similar hereditary and environmental 
history were fed an adequate diet, daily adjuvants being given in such 
quantities that one series of animals grew approximately twice as fast as 
the other series. Animals were killed upon the attainment of body weights 
of 60, 90, 120, 150, 180, 240, 300, 360 and 420 grams. Determinations 
were made of total body length, dimensions and proportions of the special 
body systems, dimensions and weights of the limb bones and the chemical 
constituents of the femora. Body dimensions and proportions were found 
to be identical for the two series of animals of the same weight, irrespective 
of their age or the rate at which they grew. Limb bones were consistently 
longer and more mature in composition in the slowly growing, hence older, 
animals than in the rapidly growing ones of identical body weights. Rate 
of growth, however, was seen to have temporarily influenced deposition 
of ash into the femora, in that, at any age, the bones of the rapidly growing 
groups of animals contained a greater relative amount of ash. This differ¬ 
ence had disappeared by the time a body weight of 420 grams had been 
attained.” 

Mr. Moment has measured the sizes of selected organs from the rapidly 
growing and slowly growing rats studied by Dr. Outhouse. The organs 
compared include the heart, kidney, liver, spleen, testes, thyroid, pituitary, 
thymus, eyeballs and three selected muscles. The histology of the tissues 
is still being investigated. Mr. Moment’s examinations have led him to the 
tentative conclusion that, with exception of the eyes, the weight of each of 
the organs referred to is a function of the weight (size) of the rat, and not 
of the rate at which it grew. The eyeballs of the more slowly growing 
animals are uniformly larger than those of the more rapidly growing indi¬ 
viduals. Histological distinctions between the groups at the same weight 
have not been discovered in the examinations thus far completed. Even 
in the case of rats which were retarded in growth for very long periods, 
increasing in weight from 60 to 120 grams so slowly that their litter mates 
had reached 400 grams at the end, the eyeballs resembled in size those 
of larger rats. 
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In connection with Mr. Moment’s study of the possible effects of the 
rate of growth on the comparative size and structure of organs we have 
had occasion to repeat and extend some of our earlier experiments on 
retardation of growth when animals are fed rations containing gliadin as 
the source of the nitrogenous components. Rats have thus been kept an 
entire year at nearly stationary weights. They have not lost their capacity 
to grow at this “adult” age. When suitable changes in diet were insti¬ 
tuted, resumption of growth occurred in several instances at a rate of 
more than 8 grams a day for several days and at a rate of 7 grams a day 
for periods of two weeks. The average rate for the same period in male 
rats of our colony on stock diets is less than 3 grams a day. The splendid 
gains of the rats previously prevented from growing by a deficiency of the 
essential amino acid, lysine, in the diet, surpass some of the best records 
of growth reported by others as a result of injections of extracts of the 
anterior pituitary structure. The question has been raised whether the 
noteworthy rapid growth induced by certain diets is associated in any way 
with stimulation of the anterior pituitary structure. 

The capacity of this species to grow has apparently been greatly under¬ 
estimated in the past. Professors Arthur H. Smith and Wm. E. Anderson 
of the Department of Physiological Chemistry in Yale University, who have 
continued to use the facilities of our laboratory for the solution of problems 
relating to the successful breeding of rats, have observed remarkable gains 
of weight in some of the experimental animals. One male grew at the 
rate of 8.0 grams a day for 28 days; during 7 of these days he grew at 
the rate of 9.3 grams a day. This rat attained a size of 282 grams at 
the age of 49 days. The usual size of our stock males at this age approxi¬ 
mates 100 grams. 

In this investigation of the reproduction of rats on a complete and uni¬ 
form ration, the data for the first generation have already been collected. 
On the basis of the number of young born, percentage of young weaned, 
individual weight of young at weaning, and subsequent rate of growth, the 
progeny has been markedly superior to that obtained from stock produced 
on other so-called complete dietary regimens. From females of the first 
generation, each of which was bred four times, progeny of the last mating 
was selected for second generation material. Results obtained thus far 
indicate that the second generation compares favorably in performance 
with the first generation. The calcium content of the femurs, and also of 
the entire body, of virgin female rats is being compared with that of rats 
that have been subjected both to very frequently repeated and to less 
frequently repeated pregnancies. The rapidity of growth of the excellent 
individual rats from the second generation, on the ration used for breeding 
purposes, is being studied; and special attention is being given to the influ¬ 
ence of the weight of the individual rat at weaning upon the subsequent 
rate of growth. 

Our report for 1929-30 referred (pp. 383-384) to studies involving com¬ 
parisons of rats kept on selected dietary regimens at the same age and for 
the Bame periods of feeding. The essential differences in the rations 
involved widely unlike proportions of the bone-forming elements, calcium 
and phosphorus, with and without supplements of vitamin D. The teeth 
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and jaws were examined by Dr. Wm. G. Downs jr., of the Laboratory 
for Oral Pathology in Yale University. He reports: 

“Photographs of the teeth of these animals, at a magnification of about 
14 diameters, reveal no regular differences of a gross nature. There is no 
direct evidence of decay in any of these teeth. There is no regularly ob¬ 
servable difference in the amount of attrition on any of the diets studied. 

“Radiograms were made of all of the teeth and jaws of animals on all 
of the diets studied, the exposure being made on a single plate to show pos¬ 
sible contrasts between animals on different types of diets under identical 
conditions. No regular differences in density of either teeth or maxillary 
bones were detected. 

“Slight alterations in the calcium: phosphorus ratio are not notably 
reflected in the histological picture of teeth and maxillae. As the calcium: 
phosphorus ratio becomes more greatly altered, beginning at about 1:0.5 
or 0.5:1, a lessening in calcification may be seen. The changes are most 
noticeable in the trabeculae and cortex of the surrounding bone, next most 
easily seen in the constantly growing incisors, and least apparent in the 
molars. As the ratio becomes greater this change is more marked. In 
the case of a low-phosphorus diet, the changes are made more noticeable 
by the addition of vitamin D than if the vitamin is not added. On the 
other hand, where the calcium content is lower, the addition of vitamin D 
to the diet apparently aids the tissue in overcoming the changes noted. 

“To what this is due, it is difficult to say. However, it is suggested that 
in the case of the lowered phosphorus content, the addition of vitamin D 
to the diet tends to raise the calcium level of the blood, which in turn, in 
an effort to maintain the calcium-phosphorus balance, withdraws further 
phosphorus from the depots. On the other hand, where vitamin D is added 
to a low-calcium diet, there appears to be a tendency to increase the 
calcium absorption from the intestine, thus protecting the depots in the 
bones and teeth.” 

Dr. Karl E. Mason of the Vanderbilt University Medical School has 
made a comparative study of the testes of the groups of rachitic rats 
referred to above. The final interpretation of his findings with relation 
to other bodily changes must await the report on the histological examina¬ 
tion of the limb bones, not yet entirely completed by Dr. E. A. Park. It 
seems as if the degree of testicular development and maturity is generally 
proportional to the weight of the testes. Dr. Mason remarks that from 
the data on testes weights one can almost draw inferences regarding the 
histological condition of the testis in this series of experiments. The weights 
of the testes of rats maintained on diets very poor in inorganic salts were 
found to be normal by one of our colleagues. This would lead one to 
expect what Dr. Mason has concluded, namely, that the relative propor¬ 
tions of calcium and phosphorus in the diet have little, if any, definite 
influence on the growth and development of the testis. This lack of influ¬ 
ence seems to apply likewise to vitamin D, and it has also been observed 
in relation to vitamin B. 

The study of the respiratory metabolism of the rat, undertaken in 
collaboration with Dr. Francis G. Benedict of the Nutrition Laboratory in- 
Boston ana with the assistance of Dr. Kathryn Horst in Professor Mendel’s 
laboratory in Yale University, has been brought to a conclusion for the 
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present; part of the results have already been published. Additional data 
dealing with the effect of various factors on the energy exchange and body 
composition will be reported by Dr. Benedict. Dr. Horst has presented 
a brief r£sum6 as follows: 

“The basal metabolism of the albino rat was measured with a multiple- 
chamber respiration apparatus designed especially for small animals. Over 
1000 determinations were made. The data obtained, in experiments con¬ 
cerned with technique, showed that basal heat production was secured in 
from 15 to 17 hours after withdrawal of food. Minimum oxygen consump¬ 
tion occurred between 9 a.m. and 4 p.m. An occasional sojourn in darknem 
during midday did not alter basal metabolism. Huddling did not influence 
basal metabolism in determinations made at 30°. Greater uniformity in 
results was obtained if the animals lived at a constant environmental 
temperature for 24 hours prior to the metabolism observations. The 
optimum environmental temperature for minimum metabolism was not far 
irom 30°. At this temperature varying degrees of humidity did not alter 
basal metabolism. Determinations at 32° gave values 15 to 30 per cent 
higher than measurements at 28 ° or 30 °. 

‘‘The basal metabolism of growing rats living at 20° and of mature rats 
living at 16° was increased 5 per cent for each degree that the environ¬ 
mental temperature was below the critical temperature (30°). The rectal 
temperatures of these rats, acclimated to their environment, were normal 
(37.0 to 38.8°). Studies concerned with the influence of previous diet 
showed that a change in regimen from a ‘synthetic diet’ to natural foods 
resulted in an increase in basal metabolism amounting to 30 per cent in 
terms of calories per square meter of body surface. In realimentation 
induced by natural foods, after suppression of growth by administration 
of inadequate diets, the metabolic response occurred in from 7 to 18 days 
after dietary alterations were made. The increase, in terms of calories 
per square meter of body surface, varied from 10 to 30 per cent. Protein 
per se in levels as high as 40 per cent of the total calories of the diet did 
not alter basal metabolism. With protein, supplied as casein, at levels as 
low as 4 per cent of the total calories, the basal metabolism was reduced 
5 per cent. 

“Two unusually large male rats were studied during prolonged fasting. 
Both experiments were terminated before the animals succumbed. One 
rat, weighing 828 grams at the start, lived for 57 days without food. Dur¬ 
ing this time, 55 per cent of the initial weight was lost. At the close of 
the fast, the animal was still sound, with the exception of degeneration of 
the Harderian glands. The second rat, weighing 730 grams at the start, 
lived 38 days without food and lost 48 per cent of its initial weight. 
Measured in terms of square meter of body surface, heat production of 
both rats decreased as the fast progressed. The maximum decrease of 
37 per cent occurred with the larger rat and on the 29th day of the fast. 
Investigations concerned with metabolism in relation to age and growth 
showed that the basal metabolism of male rats from 40 to 90 days of age, 
growing at different rates, varied from 750 to 1000 calories per square 
meter of body surface and 24 hours. At this age, an accelerated rate of 
growth was sometimes, but not always, associated with a high metabolism. 
The basal metabolism of 65-day-old rats, which were maintained stationary 
in weight for 24 days by restriction of energy consumption, was 600 calories 
per square meter of body surface and 24 hours. Expressed in the same 
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terms, the basal metabolism of male albino rats was about 900 calories at 
50 days, 725 calories at 140 days, and remained constant at 725 calories 
from 140 to 1000 days of age. On the same basis, the basal metabolism 
of female albino rats was about 625 calories during the second and third 
year of life. 

“The basal metabolism of the ‘athletic’ rat, measured 40 hours after 
exercise, was not higher than that of littermate controls. ‘Athletic’ rats that 
had run 4 miles a day consumed about 20 per cent more food per gram 
of gain than control rats. The body composition of rats that had run 
700,000 yards in 120 days showed less fat and more water than control 
rats, but the nitrogen content was the same. The metabolism of the 
‘athletic’ rat was higher than normal immediately after work, but returned 
to basal values in 2 or 3 hours after cessation of exercise. The rectal 
temperatures of ‘athletic’ rats were 2.0° higher than normal immediately 
after exercise, but were normal again in 1 to 1.5 hours after cessation 
of work.” 

The surprising nutritive properties of the seeds of the tobacco plant 
were briefly mentioned last year. The seeds, in contrast to the leaves, 
are devoid of nicotine and seem to be free from other toxic substances. 
Rats have been raised from shortly after weaning, when they had attained 
a body weight of not more than 73 grams, to an adult size of 253 grams 
at the age of 119 days on a diet in which tobacco seeds furnished all of the 
essential ingredients other than those supplied by small inclusions or sup¬ 
plements of cod liver oil, calcium carbonate and sodium chloride. The 
appearance and behavior of these rats, as well as their rate of gain on 
such a regimen, is apparently “normal.” This interesting outcome has led 
us to investigate in greater detail to what extent various essential food 
constituents are present in the seeds. There can be no question about the 
adequacy of the proteins (NX5.34=20.8 per cent) of the seed as sources 
of the nitrogenous requirements of the body. Inasmuch as tobacco seeds, 
with a fat (ether extract) content of more than 42 per cent, constituted 
considerably more than nine-tenths of the entire ration in some of the 
successful experiments, it was early apparent that the ail of the seed was 
well utilized. 

Some of the “constants” of filtered tobacco seed oil, prepared by extrac¬ 
tion of the ground seed with ether, were determined for us by Professor 
W. E. Anderson of the Laboratory of Physiological Chemistry, Yale Uni¬ 
versity. His report follows: 

“The light yellow colored oil, extracted from the tobacco seed with 
ethyl ether, contained a small sediment which was filtered before the fol¬ 


lowing analyses were made. 

Specific gravity, 25°/25°. 0.9215 

Refractive index, 25°. 1.4740 

Saponification value . 192.0 

Iodine number (Hanus) of oil. 134.0 

Iodine number (Hanus) of unsaturated fatty acids-161.0 

Mixed saturated and unsaturated fatty acids. 93.2 per cent. 

Saturated fatty acids (corrected). 9.7 per cent 

Unsaturated fatty acids (corrected). 81.5 per cent 

Unsaponifiable matter . 1.1 per cent 
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The feces of animals, kept on an almost exclusive tobacco seed diet in 
which tobacco seed oil supplied more than half of the energy available, 
were rather bulky. The weight of the excrement, in one series of estima¬ 
tions, averaged nearly 2 grams a day on a moisture-free basis and included 
less than 10 per cent of ether extract. 

Rats that have had no other source of vitamin A, after weaning, than 
that supplied by tobacco seed have, sooner or later, shown symptoms of a 
deficiency of this vitamin, even when there was an overwhelming abun¬ 
dance of the seed in the diet. There was a slowing of growth and even 
incipient ophthalmia—both readily corrected by feeding small quantities 
of cod liver oil. The relative paucity of vitamin A in the rations com¬ 
posed almost entirely of tobacco seeds is also indicated by the abnormali¬ 
ties of the cells observed in the vaginal smears of female rats. Excess of 
comified cells is characteristic of shortage of vitamin A. Observations on 
our animals were kindly made by Dr. D’Aberle of Yale University. The 
tobacco seed is by no means entirely devoid of vitamin A, however. In 
several instances in which rats have, by the use of special diets, been so 
thoroughly depleted of vitamin A that xerophthalmia ensued, we have 
succeeded in relieving the symptoms and causing resumption of growth 
by supplying plenty of tobacco seed, or even of the tobacco seed oil. 
Apparently the amount of this vitamin, in the quantities of tobacco seed 
that are readily consumed by the animals, is somewhat below that requisite 
for continued wellbeing. 

With small supplements of vitamin A (cod liver oil) a ration consisting 
of ground tobacco seed meal (98 per cent) and Osbome-Mendel salt mix¬ 
ture (2 per cent) has sufficed to nourish animals to adult size, and to permit, 
successful reproduction. Dr. K. E. Mason, of the Vanderbilt University 
Medical School, has made histological examinations of the testes of male 
rats kept on the tobacco seed diets and reports that these organs seem to 
be entirely normal; tobacco seed, therefore, supplies most of the food 
factors requisite for breeding. There can be no doubt that vitamins B, E 
and G are present in the seeds. When rats are restricted to the conventional 
B-free or G-free rations, devised to test for the presence of vitamins B 
and G respectively in foods, it is easy to demonstrate that tobacco seeds 
contain both these food factors in liberal amounts. As little as 0.2 gram 
a day of fat-free tobacco seed meal has sufficed to supplement otherwise 
ineffective autoclaved yeast in promoting growth at an average rate, when 
the basal ration is devoid of both vitamins B and G. This is evidence 
of a reasonable supply of vitamin B (B t ) in the seed; 0.25 gram of the 
extracted meal a day as a source of vitamin G (B 2 ) will adequately sup¬ 
plement wheat when the latter is used to supply vitamin B. 

From a somewhat cursory examination of the bones of rats kept jon 
slightly rachitogenic diets supplemented by tobacco seed oil, Dr. E. A. 
Park of the Johns Hopkins Medical School has reported his tentative 
opinion that this oil does not contain any antirachitic component. 

The offspring of rats brought up on rations composed almost exclusively 
of tobacco seeds, and which had received no vitamin-bearing adjuvants 
save cod liver oil, were properly suckled and reached a satisfactory sise at 
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weaning time. The litters were usually, though not always, of average 
sue. In a number of instances some of the young gave evidence of unsatis¬ 
factory nutrition by such symptoms as weak legs and general lethargy; 
in a few cases the young were eaten by the mothers. The mothers, main¬ 
tained on the tobacco seed rations during pregnancy and lactation, had no 
difficulty after parturition in resuming their earlier adult weight. In sev¬ 
eral instances two or more litters have already been secured from parents 
kept on the tobacco seed diet. The nutrition of the weaned young has 
proved to be more difficult. Several of them failed to gain and showed 
signs of what we interpreted as shortage of vitamin B. This suggested 
the possibility of increasing the vitamin intake by the device of removing 
part of the large excess of tobacco seed oil. A ration consisting of fat-free 
tobacco seed 60 per cent, tobacco seed meal 33 < per cent, cod liver oil 5 
per cent, Osbome-Mendel salt mixture 2 per cent, was supplied; but it 
has not been more effective in preventing nutritive failure in the weaned 
young. In one case, however, we succeeded in raising three rats of the 
first generation of young on this more concentrated tobacco seed diet. 
Apparently the exclusive tobacco seed regimen, when supplemented with 
cod liver oil and suitable inorganic salts, is not satisfactory in the very 
early stages of growth of the second generation. The shortcoming seems 
to be due—though this is still under investigation—to a relative lack of 
some of the water-soluble vitamins; the large requirements of the very 
young are well known. 

Thanks to the cooperation of Professor W. E. Anderson, we have been 
able to demonstrate the steady growth of mice to adult size on the tobacco 
seed diets. This provides evidence, obtained with another species, for 
the freedom from toxicity and for the significant nutritive value of the seed 
of Connecticut shade grown tobacco. 

In the course of our studies of the amino acids that result from the 
hydrolysis of proteins we have devoted considerable attention to arginine 
and to its decomposition product ornithine. When arginine is subjected to 
the hydrolytic action of alkalies the guanidino group is split off with the 
formation of urea and ornithine, 

NH*—C(NH) -NH-CH 2 -CH 2 -CH 2 -CH (NH s ) -COOH 

—>- NH 2 -CO-NH 2 +NH 2 -CH 2 -CH 2 -CH*-CH (NH 2 )COOH. 

The urea is subsequently decomposed, under these conditions, to carbon 
dioxide and ammonia. The first of these reactions is of great biochemical 
interest inasmuch as it is catalyzed by a specific enzyme, arginase, present 
in the liver. Ornithine, therefore, although not a product of acid hydro¬ 
lysis of proteins and consequently not usually encountered in analytical 
operations is, nevertheless, a substance of considerable importance in 
metabolism. 

The close analogy between ornithine and lysine led us to suppose that 
free ornithine might be induced to separate in crystalline form under con¬ 
ditions similar to those that were successfully employed some years ago 
in the case of lysine (Year Book Ko. 27, p. 373). Dr. C. A. Cook of the 
Department of Physiological Chemistry of Yale University undertook 
this investigation under Dr. Vickery’s supervision. 
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Ornithine was prepared by the action of arginase on arginine and puri¬ 
fied as the picrate. The free base derived from this material was treated, 
in very concentrated aqueous solution, with a large proportion of aldehyde- 
free absolute alcohol. As this did not cause the base to separate, absolute 
ether was then added; an immediate precipitation of poorly developed 
microscopic needles occurred. A dry preparation, in the form of a micro- 
crystalline white powder, was secured by filtration and was shown, by 
analysis, to consist of free ornithine. This is the first time this substance 
has been prepared in crystalline form. 

Dr. Cook also conducted a study of the picrates and sulfates of racemic 
and of dextro ornithine, prepared by several different methods, as well as 
an investigation of the rate of decomposition of arginine by alkalies. The 
results of his work are shortly to be published. 

Improvements in the methods for the separation of amino acids from 
each other are greatly to be desired, and to this end the potentialities of 
certain reagents have been explored. Mercuric chloride has been one of 
the most widely used reagents for many types of organic analytical sepa¬ 
rations but, with one exception, has been little employed for amino acids. 
Winterstein, many years ago, observed that lysine can be completely 
precipitated by this salt if the solution is made alkaline with barium 
hydroxide. We have recently begun the study of this reagent in connection 
with the precipitation of other amino acids and have made the interesting 
observation that glycine is nearly completely precipitated, in the presence 
of two or more equivalents of mercuric chloride, by the addition of barium 
hydroxide to a faintly alkaline reaction to phenolphthalein. Little or no 
precipitate appears, however, if sodium carbonate or hydroxide is used. 
Alanine, on the other hand, is not precipitated under any of these condi¬ 
tions. These two amino acids frequently occur together in protein hydrol¬ 
ysates and are difficult to separate from each other; it seems probable, 
however, that a separation may be effected by the proper use of mercuric 
chloride. Mr. W. G. Gordon of the Department of Physiological Chemistry 
in Yale University is engaged in the investigation of this problem and 
expects to apply the method to the determination of glycine and alanine 
in proteins during the coming year. 

Phenylalanine is also precipitated by mercuric chloride in the presence 
of barium hydroxide, but leucine is not. The separation of these two amino 
acids from each other therefore appears possible. Cystine is nearly com¬ 
pletely precipitated in the presence of three equivalents of mercuric chloride 
by barium hydroxide and also, if the reaction is correctly adjusted, by 
sodium carbonate. Tyrosine is precipitated in the presence of mercuric 
chloride by barium hydroxide but not by sodium carbonate. This is also 
the case with glutamic and aspartic acids. An interesting and profitable 
line of investigation, which will be followed up as opportunity offers, is 
revealed by these observations. It seems highly probable that the develop¬ 
ment of the use of this reagent will add materially to the precision of 
protein analysis. 

The close analogy between the proportions of basic amino acids yielded 
by sheep’s wool and by human hair was mentioned in last year’s report. 
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Dr. R. J. Block, of the Department of Physiological Chemistry in Yale 
University, has continued the study of insoluble proteins and has carried 
out analyses of goose feathers, snake epidermis, silk fibroin, and of the 
axial skeletons of two species of coral. In the course of these analyses a 
few modifications of the method of base determination, that render this 
somewhat more convenient, were developed and the previously noted 
analogy between wool and human hair was found to hold, within significant 
limits, throughout. All of these tissues consist to a preponderating extent 
of proteins that have been hitherto classified as keratins. Dr. Block has 
pointed out that a modification of the definition of this type of protein, 
which takes account of the close analogy in the composition of the mixture 
of amino acids that result from their hydrolysis, is now justified: he sug¬ 
gests that, “a keratin is a protein which is resistant to digestion by pepsin 
and trypsin, which is insoluble in dilute acids and alkalies, in water and 
in organic solvents, and which, on acid hydrolysis, yields such quantities 
of histidine, lysine, and arginine that the molecular ratios of these amino 
acids are respectively approximately as one to four to twelve.” It has not 
been possible hitherto to classify any group of proteins, with the exception 
of the protamines, on the basis of amino acid composition. The pro¬ 
posed definition therefore marks a distinct advance in the general problem 
of protein classification. 

The analysis of silk fibroin, conducted by Dr. Block, provided another 
opportunity to apply the silver precipitation method to a protein that 
yields an unusual distribution of amino acids. We have now applied this 
method to edestin (high arginine), hemoglobin (high histidine), human 
hair (low histidine, high arginine and high cystine), and silk fibroin (low 
bases, high mono amino acids). As opportunity offers, the method will 
be employed for the analysis of proteins with other unusual distributions 
of amino acids. 

The globulin of the seed of the tobacco plant, the crystallization of which 
was referred to last year, has been studied more fully. It can be most con¬ 
veniently prepared by dilution of a clear molar sodium chloride extract 
of the ground fat-free seed, but the methods of salting-out with ammonium 
sulfate and of dialysis yield products that are similar in every respect. 
The protein contains 18.64 per cent of nitrogen and 1.03 per cent of sulfur, 
calculated ash- and moisture-free; it is instantly and completely soluble 
in molar sodium chloride but practically insoluble in water or in organic 
solvents, all the customary protein color tests are positive and the protein 
responds in every way to the definition of a globulin. 

It is fairly easy to secure preparations of this protein that are partially, 
or even largely, crystalline, the typical form of crystal being a regular 
octahedron which is frequently developed into a flattened tablet with 
regular hexagonal outline. Preparations that are wholly crystalline are 
best prepared by extraction of the freshly ground seed with warm molar 
sodium chloride solution. The fat is removed by centrifugation and the 
aqueous-fluid is filtered, diluted with six volumes of water at 58° and 
filtered again. On cooling to room temperature the protein deposits in 
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well-formed crystals, which, if carefully washed with dilute and then 
absolute alcohol, can be obtained dry without loss of sharpness of outline. 

The advantage of this technic is the rapidity with which the material 
is isolated; there is reason to believe that this protein is exceptionally 
sensitive to the denaturing effect of even very mild acidities, and speed 
in the preparation is therefore desirable. 

The globulin, after complete hydrolysis, yields 1.09 per cent of histidine, 
13.62 per cent of arginine and 0.92 per cent of lysine. The yield of arginine 
is similar to that from other oil seed globulins, but the proportions of 
histidine and lysine are unusually low for proteins of this type; the closest 
analogue is amandin from the almond. The isoelectric point lies very close 
to pH 5.4, well within the range of other seed globulins 

Attempts to find, in the hot-water extract of fat-free tobacco seed, a 
substance that might be regarded as the precursor of nicotine have been 
unsuccessful. A study of such an extract was largely completed in time 
to be mentioned in last year’s report. Our experience with this type of 
analytical work has convinced us that the betaine fraction alone can be 
adequately dealt with by the methods of analysis at present available; 
the base and mono amino acid fractions provide problems that are still far 
from solution. Nevertheless our studies of base analysis, during the past 
few years, have laid the foundation of a technic that promises to yield 
valuable results when more fully developed. 

We referred last year to the problem of determining amide nitrogen in 
leaf extracts and to the interference of nitrates with the customary method. 
Our work on the tobacco leaf, which frequently contains large proportions 
of nitrate, showed that a change in the method for the determination of 
amide nitrogen in this material was imperative. In this work we have 
had the able cooperation of Dr. G. W. Pucher, of the Connecticut Agricul¬ 
tural Experiment Station staff, who is attached to our laboratory. A 
suitable modification of the method was devised; we communicated our 
results to Professor A. C. Chibnall of the Imperial College of Science and 
Technology, London, England, in advance of publication, and found that 
he had likewise encountered difficulty with amide nitrogen determinations 
in certain samples of grass leaf that contained unusually large proportions 
of nitrate. Our hypothesis of the presence of an easily oxidized substance 
in fresh leaves, which promotes the production of ammonia during severe 
hydrolysis with hydrochloric acid, was verified by him, and evidence was 
secured that the unknown substance is nitrogenous; it therefore may be of 
significance in the nitrogen metabolism of the leaf. In view of the close 
relation between our results and those of Professor Chibnall, we arranged 
for simultaneous publication in the Journal of Biological Chemistry. 

The study of the chemical changes that occur during the curing of to¬ 
bacco leaf has been continued and two bulletins have been issued in which 
certain aspects of this work are described. Analyses of specimens of par¬ 
tially and fully cured leaf, derived from originally equal amounts of fresh 
leaf, have been completed and the results expressed in terms of the weight 
of each component; the changes in the quantities can then be readily 
appreciated. This method of presentation is much more striking than the 
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customary method of quoting analytical results in terms of percentage. 
Our interest in the curing of tobacco is, at the moment, primarily centered 
upon the katabolic changes that occur among the nitrogenous components, 
a study of which we hope may throw light upon the general problem of 
nitrogen metabolism in leaves. Evidence was secured indicating that 
nearly 20 per cent of the organic solids of this leaf disappear during the 
curing operation. A large part of the material thus metabolized was origi¬ 
nally in the form of protein, a smaller part was probably in the form of 
insoluble carbohydrate. More than 81 per cent of the apparent soluble 
carbohydrate (calculated as glucose) disappeared as such, and nearly 40 
per cent of the ether-soluble substances either disappeared or were con¬ 
verted into ether-insoluble substances. The changes in the distribution of 
the nitrogen suggested that a rapid hydrolysis of leaf protein to amino 
acids sets in soon after the leaves are picked, and continues until more 
than half the original protein has been so converted. Much of this protein 
nitrogen is apparently converted to amide nitrogen, probably through the 
stage of ammonia; this implies a rapid deamination of the amino acids, 
as they are formed by hydrolysis, and furnishes evidence in support of 
Prianischnikov’s view that amide synthesis is a reaction of leaf metabolism 
called forth in response to the accumulation of toxic ammonia. At least 
23.9 per cent of the total nitrogen of the leaf apparently passed through 
one or both of the stages of ammonia or amide nitrogen. 

The rapidity of the katabolic reactions during the first few days after 
removal of the leaves from the plant is very striking. Three-quarters of 
the loss of water and of soluble carbohydrate and more than half of the 
loss of organic solids and of ether-soluble constituents occurred during the 
first 12 days; more than three-quarters of the quantity of protein digested 
underwent this process in the same period. It is obvious that far-reaching 
chemical changes set in very shortly after leaves are detached from the 
plant, and a more detailed study of these early changes is planned for the 
coming year. 

An examination of the non-volatile organic acids of tobacco leaves at 
different stages of maturity has been made, in the course of which material 
improvements in the method of analysis were devised. We have found 
that the organic acids can most conveniently be precipitated from an 
extract of the tissue as their barium salts by the addition of alcohol. 
This procedure is much more convenient and accurate than the precipi¬ 
tation as lead salts that has hitherto been almost exclusively employed. 
The subsequent extraction of the acids by ether and the separation from 
each other by distillation of the ethyl esters can be conducted nearly 
quantitatively. 

The organic acids, after precipitation as barium salts, can be separated 
into a number of different fractions of which the group of acids capable of 
esterification and distillation formed less than half in the case of the 
sample of mature leaf that was studied. The chemical nature of the re¬ 
maining part has not yet been established. Of the identified acids 1-malic 
is by far the most important quantitatively; it makes up over 86 per cent 
of the total acid secured as ester. A large part of the remainder consists 
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of citric acid, and small amounts of fumaric, succinic, and oxalic acid were 
detected. 

Some, at any rate, of the organic acids found in leaf tissue are, from the 
chemical point of view, closely connected with the products of protein 
metabolism. The thorough study of these substances, which is now being 
carried on, is therefore expected to have considerable bearing on this 
subject. 

We have had the opportunity of cooperating with Professor Chibnall of 
the Imperial College in connection with his studies of the chemistry of leaf 
fats and hydrocarbons by preparing extracts of tobacco leaves for detailed 
6tudy in his laboratory. This cooperation will be continued. 

At the request of the National Academy of Sciences, Dr. Vickery has 
prepared a biographical memoir of the late Dr. Thomas B. Osborne, which 
will be published during the autumn. He has also collaborated with Pro¬ 
fessor C. L. A. Schmidt of the University of California in the preparation 
of an extensive historical review of the amino acids. It will be published 
next year. 

The following have served as assistants in the work: Alfred J. Wake- 
man, Ph.D.; Charles S. Leavenworth, Ph.B.; Helen Cannon Cronin, B.S. 
(to March 31); Elizabeth C. Callison, M.S. (half time from March 2); 
Laurence S. Nolan, technician; Luva Francis, secretary. 

Williams, R. R., and Walter H. Eddy, Teachers College, Columbia Uni¬ 
versity, New York, N. Y. Physiological functions of vitamins. (For 
previous reports see Year Books Nos. 27 and 29.) 

This investigation has been continued through support of the Carnegie 
Corporation of New York. 

During the academic year which has just closed', our effort on B vitamins 
has been concentrated more largely than heretofore upon the antineuritic 
vitamin, as we felt that our aims had become somewhat too diffuse. We 
also believed that an understanding of the B complex would be best 
advanced by the isolation of one of the B factors in a pure state and in 
quantity. Accordingly we have made an extract of one ton of rice polish¬ 
ings, following in the initial steps a procedure similar to that of Jansen 
and Donath. This proved to be an exceedingly laborious task with the 
facilities we had available, and required three or four months. It resulted, 
however, in the production of a fairly large uniform lot of active material, 
small portions of which we have been using for the purpose of exploring 
possible improvements in the subsequent steps of the process. 

Our experience last year with the Jansen and Donath procedure con¬ 
vinced us that it was extremely uneconomical and that the final yield of 
pure material represented at most 1 or 2 per cent of the total substance 
originally present. This being the case it was clear that in order to 
obtain enough material for the identification of the pure substance and an 
approach to a determination of its constitution it would require radical 
improvements in method. Several such improvements have been made. 
One of these has to do with the method of removal of the active substance 
from the acid clay upon which it is adsorbed early in the process. Quite 
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contrary to Jansen and Donath’a conclusions, we have convinced ourselves 
by repeated experiment that extraction with baryta necessarily sacrifices 
at least 50 per cent of the material. The discrepancy between our results 
and those of Jansen and Donath was discovered by the rigorous testing of 
the extracted clay as well as the extract. In all other cases where possible, 
we have tested discards systematically, which Jansen and Donath omitted 
to do. By elution with acid alkaloidal salts we have effected a nearly 
quantitative removal from the acid clay on a large scale without measur¬ 
able destruction, and feel that we have thus remedied one of the most 
serious defects in the process. 

As a further step we applied a Schotten Baumann reaction 1 to the extract, 
eliminating thereby 75 to 90 per cent of the impurities which are present 
with the vitamin at this stage. , 

Several reagents, both old and new, have been tried to effect further 
purification. Precipitation with silver, which was the mainstay of Jansen 
and Donath’s process, has been discarded as uncertain and wasteful of 
material when applied at advanced stages of the purification. It appears 
that this precipitation is non-specific and that the vitamin is carried down 
largely by adsorption upon voluminous precipitates of other substances. 
Silicotungstic acid, however, appears to be a more specific precipitant, and 
carries the vitamin down from acid aqueous solutions under all conditions. 
By the use of repeated adsorption upon fullers earth, elution with alkaloidal 
salts and benzoylation, and finally precipitation with silicotungstic acid, 
we obtained a product of crystalline character which is a little more than 
50 per cent pure if one assumes the correctness of Jansen and Donath’s 
estimates <?f the potency of the pure vitamin. This has been accomplished 
with relatively small losses, so that we have now in hand an amount of 
this material representing perhaps 20 grams of the vitamin, which is subject 
to further purification by the use of solvents. This represents scores of 
times as large a yield as Jansen and Donath secured of the pure material. 
Further purification of our product will doubtless involve substantial losses, 
but it is difficult to believe that our ultimate yield will not considerably 
exceed that of the Dutch workers. We are greatly interested in the matter 
of yield, in the hope that we shall have enough material to make a begin¬ 
ning on the determination of the constitution of this vitamin. 

It may yet prove, however, that Jansen and Donath’s supposed pure sub¬ 
stance was not actually such, and that the pure material when ultimately 
attained will show a potency of a higher order than is now attributed to it. 
If so, our present stock of purified material should be of service in effecting 
a genuine isolation. This material represents a large direct expenditure 
and many years of experience, and must be carefully conserved. We are 
therefore proceeding cautiously and rigorously testing every possibility by 
the use of small aliquots before applying any further steps of purification 
to the main lot. Completion of the purification will require several months, 
at which time a further report will be made. 

In this work we have placed our principal reliance on growth tests with 
young rats, occasionally supplemented by prophylactic feeding tests with 

*A. Seidell, Jour. Biol. Cfcem., vol. 82, 683, 1029. 
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pigeons. The diet used for rats is a modification of the Sherman and 
Spohn diet in which half the casein is replaced by egg white as a means of 
supplying the B 2 factor. For a period of several months this diet gave 
consistent results, but later control groups lived and grew, though at a slow 
rate, for several weeks beyond the expected incidence of polyneuritis and 
death. Evidently egg white sometimes contains significant amounts of B,.. 
We have experimentally resorted to autoclaving of the egg white as a 
remedy for this defect, with apparently good results. We have also tried, 
but with less favorable results as to rate of growth in the presence of Bi, 
the original Sherman and Spohn diet supplemented with meat extract as 
a source of B«. It is evident that the utmost care is necessary to secure and 
maintain a satisfactory basal diet. Certainly in a case such as ours, in 
which scores of experiments extending over months or years must be com¬ 
parable with one another on a quantitative basis, the experimental error in 
estimation of B, is always dangerously large. Reports in the literature of 
higher precision in this estimation are in our opinion far too optimistic. It 
is a simple matter to run a limited number of parallel and simultaneous 
experiments which show good agreement but to repeat an entire series of 
experiments with a close approximation throughout the series after the lapse 
of several months or a year is quite another matter. Seasonal variations 
and those due to heredity or the nutritional state of the mothers probably 
affect the body storage of B, very markedly. Additional difficulties arise 
from unpalatability of various chemically fractionated materials or from 
toxic effects of traces of reagents or of relatively high concentrations of 
certain natural substances derived from the rice polish. If mixed with the 
diet, the whole may become unpalatable; food consumption and growth 
decrease, but death from polyneuritis tends to be retarded as the B x require¬ 
ment is less with lowered food consumption. In general the best results 
are secured by mixing the addendum with a portion of the diet and with¬ 
holding other food till this portion has been consumed. 

Our difficulties along this line have led to a reexamination of the effect of 
food consumption upon the B, requirement. Using pigeons as experimental 
animals with a fixed B, addendum, we have found it possible within rea¬ 
sonable limits to produce polyneuritis, simply by forced feeding of larger 
amounts of a diet which can be fed ad libitum without marked result. 
Further it is possible to cure the polyneuritis so produced, either by discon¬ 
tinuance of the forced feeding or by giving more B,. So marked are these 
effects, that it has led us to entertain some doubt as to the existence of the 
factor B, previously reported by Williams and Waterman. This factor 
was described as necessary to the attainment or maintenance of normal 
weight in pigeons on a white rice diet. The recent work above referred to 
shows that as the Bi supplement is increased, the appetite food ^consumption 
and weight level also increase, at least over rather wide limits. Accord¬ 
ingly it now seems possible that the weight factor, Bj, is nothing more than 
an abundant supply of Bi, roughly ten or twenty times the minimum 
antineuritic requirement. On the other hand we can by no means be certain 
that the purest supply of B t which we have available in quantity does not 
contain enough B« as an impurity to produce the characteristic result when 
fed in large quantities. 
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To settle this question definitely, we must either obtain substantial 
amounts of highly purified B t or secure B, substantially free from B a . 
Some progress toward its solution has, however, been made by study of the 
distribution of the hypothetical B» in a variety of foodstuffs and its differ¬ 
ential reaction to heat and chemical reagents. Mrs. Sadie 0. Morris is 
attempting a chemical separation of the substance from yeast by the appli¬ 
cation of a modification of Peters’ norite method. 

Gurin and Eddy 1 publish in September, in the Journal of Experimental 
Medicine, a study of the pathology of the dermatitis resulting from vitamin 
B a (G) deficiency and its relation to human pellagra. In this work we had 
the cooperation of Dr. James Denton, pathologist experienced in the 
histology of pellagra and black tongue. 

Denton has elaborated the viewpoint that trad pellagra is always evi¬ 
denced by initial lesions and breakdown of the basement membrane, the 
epidermal changes being a consequence of this breakdown. In our feeding 
studies we obtained dermatitis of similar external symptomatology with 
both presence and absence of vitamin B 2 (G) in the diet. When skin 
sections of these cases were examined histologically, they appeared quite 
distinct. The cases resulting from B 2 deficiency as evidenced by growth 
failure showed extensive epidermal derangements, but no corium break¬ 
down such as present in human pellagra and black tongue. On the other 
hand several cases supplied with vitamin B 2 (G) sufficient to maintain 
excellent growth provided a quite similar appearing dermatitis, but with 
exact duplication of the histology of true pellagra. 

The differentiation of these cases rests at present on the differences in 
basal diet and on Denton’s definition of the true pellagra lesion and 
pathology. If B 2 (G) be defined as the factor which in combination with 
Bi produces normal growth in rats on an otherwise complete basal ration, 
this factor is not adequate to insure the prevention of pellagra. Our work 
in this respect supports the observations and doubts of Sure, Smith and 
Kik, 2 Ackroyd* and others as to the identity of B 2 and Goldberger’s pel¬ 
lagra-preventive factor. Obviously much more detailed study is necessary 
before this problem is cleared. 

During the past year our main objective has been progress in the physi¬ 
ology and chemistry of the vitamin B complex with the variables above 
recorded. We have had occasion, however, to devote a certain amount 
of study to some of the other vitamins. With the aid of our pathologist 
colleague, Dr. Gilbert Dalldorf, we have extended our studies of vitamin 
C and scurvy. These studies had their inception in the suggestions from 
the work of Hojer, Howe and Wolbach and others that tooth behavior 
might provide an abbreviated method for the assay of the vitamin C content 
of foodstuffs. Extension of this work has led on the one hand to sugges¬ 
tions for new assay methods (Dalldorf and Zall 4 ) and on the other to 

1 S. S. Gurin and W. H. Eddy, Jour. Exper. Med., vol. 54, 421, 1931. 

*B. Sure, M. E. Smith and M. G. Kik, Proc. Exper. Biol, and Med., vol. 28, 442, 498,- 
1931; Science, nj., vol. 73, 242, 1931. 

•W. R. Ackroyd, Biochem. Jour., vol. 24, 1479, 1930. 

4 G. Dalldorf and G. Zall, Jour. Exper. Med., vol. 52, 57, 1930. 
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studies of the pathology of scurvy and the factors necessary to normal 
dentition. 

Dalldorf 1 has shown that hemorrhagic diathesis due to partial vitamin 
C deficiency is probably much more prevalent than supposed, that the 
tendency of the capillaries to hemorrhage as well as the rate of regeneration 
of guinea-pig incisors may provide a means for the quantitative measure¬ 
ment of vitamin C content of foodstuffs, and means for making this prac¬ 
tical have been suggested and are under intensive study. 

The studies of the relation of vitamin C to dentition have confirmed the 
views of others that it is an essential factor in the manufacture of normal 
denture and hence a normal tooth, and that the body requirement for this 
purpose is considerably in excess of the amount necessary to the prevention 
of macroscopic scurvy, at least two to three times the amount necessary 
to a zero autopsy score by the Sherman-La Mer-Campbell * method. It 
has also been clearly demonstrated that vitamin C is only one of several 
factors essential to normal tooth structure and that these include vitamins 
A, B, D, proper calcium and phosphorus content of the diet and probably 
other factors. 

That vitamin C is a specific preventive of dental caries or periodonto¬ 
clasia is consequently far less certain today than at first appeared. It 
would seem reasonable to infer that a “normal” tooth will be more resistant 
to bacterial attack than a defective structure, but nothing has developed 
in recent studies to destroy the view that the attack on tooth enamel is 
produced by acids elaborated by bacteria, and that prevention of caries 
involves factors which combat these acids at the point of attack. It is a 
theory of Bodecker that continuity of transmission from pulp cavity 
through enamel to the surface of the latter permits diffusion of buffer mate¬ 
rial for this purpose, and that a derangement of tooth structure which 
hinders this free passage might result in lack of defense. This may be 
one line of defense and an explanation of why normal teeth better resist 
caries. It is, however, also possible that defensive buffers may be elabo¬ 
rated in saliva or by gingival tissue. In that event the role of vitamin C 
in controlling capillary efficiency, the effect of vitamin C plus other ele¬ 
ments of diet in maintaining normal gums and salivary composition may 
be the more direct method by which diet effects protection against caries. 

During the past year we have cooperated with the Columbia University 
Dental College in clinical studies designed to evaluate the role of specific 
foods in promotion of dental health and also have begun studies of saliva 
and gingival tissue and its response to variation in the vitamin content 
of the diet. This work includes both assay of human autopsy material and 
animal experimentation. By use of the abbreviated assay methods de¬ 
scribed, it is hoped by this line of attack to throw further light on the 
relation of diet to caries. 

Our studies of vitamin A have been confined to confirmatory work on 
carotene as the precursor of vitamin A and to evaluation of the U. S. P. 
method for vitamin A assay. In the former direction we have established 

*0. Dalldorf, Jour. Exper. Med., vol. 53, 289, 1931. 

*H. C. S her man, V. K. La Mer and H. L. Campbell, Jour. Amer. Chem. Soc., vol. 44, 
1W, 1922. 
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certain practical points of importance, viz, that palm oil can be refined 
without destruction of the carotene-vitamin A conversion when the re¬ 
fined oil is fed and the vitamin A potency of oleomargarines made of such 
refined palm oils. A study of tableted crystalline carotene has also demon¬ 
strated that as a source of vitamin A, such preparations function equally 
well as cod liver oil sources of this factor and provide a convenient method 
of administering highly potent supply of vitamin A without complication 
by the presence of vitamin D. 

In the matter of vitamin A assay we believe from comparative data 
that a 25- or 28-day period following clearing gives quite as satisfactory 
basis for comparisons of vitamin A potency as the present 35-day test 
recommended by the U. S. P. We have devoted considerable attention to 
autopsy studies of our A-deficient animals and believe that until its pathol¬ 
ogy is better defined, the assay based on xerophthalmia prevention alone is 
less satisfactory than a combination of the growth and xerophthalmia test. 
The invention of viosterol has made it possible to limit the growth effect 
more sharply to vitamin A deficiency by supplying an A-free source of 
vitamin D. 

We are, however, impressed with the necessity of determining accurately 
the growth effect of two units of vitamin A. It has been repeatedly our 
experience that while oils possessing more than 500 units per gram give 
better than unit growth with daily doses of 2 mgs. and the group animals 
quite consistent curves under such conditions, such consistency is apt to 
disappear when the oils approach more closely to the 500 unit value and 
demand far greater numbers of test animals. Sherman has suggested that 
a growth rate of 45 grams in 35 days appears to follow the administration 
of two unit daily doses. If the growth rate for two units could be ac¬ 
curately determined, such a basis for assay might eliminate some of the 
variability in test animal response when the dosage is so close to the ani¬ 
mal’s need as in the single unit test series. It would insure the limiting 
factor to be vitamin A. Our collected data seem to support Sherman’s 
contention to date. 

Our only studies of vitamin D have, aside from routine assays, been di¬ 
rected to throw light on the nature of solarization of ultra-violet transmit¬ 
ting glasses and the soundness of Dr. Coblentz’s 1 standard for acceptance 
or rejection of such glasses. It may be recalled that Coblentz’s recommen¬ 
dation is that after a certain period of treatment with the mercury arc lamp 
the percentage of transmission of wave length 3020A be determined and 
glasses accepted that show 25 per cent or more transmission. Since that 
proposal was first made, it has been shown that natural weather and sun 
exposure is less potent in reducing transmission than the Hg arc treatment. 
This has led Stockbarger to suggest the use of the filtered ray for artificial 
solarization and standardization. As suggested by Coblentz, however, the 
point to be established is whether a glass with less than 25 per cent trans¬ 
mission by either method still possesses biological potency of sufficient 
moment to justify lowering that standard. It is this problem that has 
engaged our attention during the past four years. It was first necessary to 

1 W. W. Coblentz, Jour. A. M. A., vol. 95, 864-865,1930. 
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obtain a aeries of biological studies with the same glass in successive years 
at the same season of the year and with similar periods of exposure. We 
now have such data with a pane of vitaglass first used in 1927 and the 
tests repeated each winter to date (1931). During the past two years we 
have also secured similar test data with two other types, Helioglass and 
Sunlit Glass. We have demonstrated that there is sufficient sunlight avail¬ 
able in New York City in January (when transmitted through these 
glasses) to effectively prevent rickets if an exposure of 2 hours daily is al¬ 
lowed, and that at the end of four years’ weathering in one type and two 
years’ in the other types this period need not be extended to secure adequate 
protection. This would seem to suggest that solarization is not progressive, 
that it is a chemical reaction proceeding rather rapidly to an equilibrium 
point, which then remains fixed. During this period we have conducted 
certain collateral measurements of transmission which seem to substantiate 
this view, but we reserve comment on this point until the more extended 
physical studies on the glasses now under way are completed. 

The problem of physiological function of vitamins is one involving so 
many variables that every experimental set up at once suggests hundreds 
of others which must be studied before the facts necessary to judgment are 
available. As the studies progress, there is also increasing evidence of the 
influence of one vitamin upon another and of possible interrelation be¬ 
tween nutrients and vitamins. For example, we have definite evidence 
from our own work as well as from that of other workers, that the growth 
response to a measured amount of vitamin A is conditioned by the animal’s 
requirement of B, that carbohydrate metabolism and vitamin B are not 
necessarily unrelated. Much of these data has resulted from ever increas¬ 
ing attention to the preparation and purification of basal diets and the 
search for possible factors controlling differences in behavior of animals on 
apparently identical diets. Much of this effort permits of little exposition 
in a report, but is a significant part of the development of a reliable 
animal-testing laboratory and the check of conflicting testimony. 

We have continued to enjoy during the year the capable assistance of 
Messrs. R. E. Waterman, Samuel Gurin and John C. Keresteszy, especially 
in the chemical work on vitamin B. Miss Marion Ammerman has con¬ 
ducted the animal feeding experiments with unusual faithfulness, and we are 
indebted to Miss Minerva Kellogg for the large and continuous supply of 
necessary animals. In the work on vitamins A, D, and C we have been 
associated with Dr. Gilbert Dalldorf, Mrs. Celia Gurin, Mrs. Sadie 0. 
Morris, Miss Caroline Riggs, Miss Mildred Morgan and others. The work 
outside the B field has largely been supported by other funds, but it has 
been of great value to us to be able to correlate our principal efforts with 
allied subject-matter by active participation in the broader program. 



PALEONTOLOGY 

Merriam, John C., and Associates. Continuation of paleontological re¬ 
searches. (For previous reports see Year Books Nos. 20-29.) 

Studies conducted by a group of investigators associated with Mr. Mer¬ 
riam have continued intensive research on several of the greater questions 
touching history of life on the Pacific Coast and Great Basin region. In 
conduct of this work many new questions have arisen requiring intensive 
research before the principal problems can be solved. Results of investiga¬ 
tions concerning the major problems are developed in such manner that they 
can be brought to publication with relatively little effort, but it is considered 
desirable that these monographic studies be given rigorous examination 
before they are brought to final record. t 

During the past year one of the major studies approaching publication 
has been the monograph on the Felidse of Rancho La Brea, which is now 
in press. This paper represents approximately twenty-five years’ work, in 
which there has been consistent aid of many institutions, including the 
University of California and the Museum of History, Science and Art in 
Los Angeles. Dr. Chester Stock, who is associated with Mr. Merriam in 
publication of this monograph, has given intensive study to the subject, 
and to final presentation of illustrations, in the course of the past two years. 
The cat group represented at Rancho La Brea illustrates the climax of 
evolution of the sabre-tooth cats, and of the large lion-like forms repre¬ 
sented by a species known as Felis atrox. With these two types there were 
associated two pumas, both new species, and one smaller cat practically 
identical with a living wild cat, Lynx rufus, of California. This monograph 
brings together the most extensive materials representing the Felidse that 
have been assembled. 

A second monographic work now being prepared for publication covers 
correlation of the later geological formations of the Great Basin region. 
In this study are associated Dr. John P. Buwalda, Dr. Chester Stock, and 
Mr. Merriam. Statement of location and characteristics of each of the 
formations is accompanied by discussion of such correlation as is necessary 
to piece together the fragments of the geological scale in this area. The 
results of this work will contribute toward understanding of the whole prob¬ 
lem of geology and of paleontological or evolutionary succession in western 
North America. 

Careful attention has also been given to examinations of philosophic inter¬ 
pretation and educational or human significance of the basic questions toward 
which research is directed in the field of paleontology. It is recognized 
that the values in this group of studies include some of the most important 
materials in historical science. It was through recognition of these prob¬ 
lems that there arose the whole complex of investigations on evolution in 
the biological and physical sciences so characteristic of research in the past 
century. In addition to this point of view it is considered important to 
indicate the relation between historical studies, such as those in the field 
of paleontology and archeology, and those aspects of science, such as genetics 
and ecology, which give us the method of operation or the processes illustrated 
in historical sequences. 
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Report on Investigation* by John P. Buwalda 

The field investigations of the past year into the later geological and 
paleontological history of certain West Coast areas were largely in continu¬ 
ation and advancement of projects initiated in previous years. 

During the latter part of the summer of 1930 the physiography of parts 
of eastern Oregon lying outside of the Mitchell and Picture Gorge quad¬ 
rangles was studied, the physiography and geology of the latter areas hav¬ 
ing been completed the previous year. The investigation was also carried 
over parts of south-central and central Washington. The attempt was 
made to recognize over much wider areas the Pliocene Ochoco Erosion 
Surface, described two years ago from the Ochoco Mountains on the south¬ 
ern margin of the John Day basin. Some success was attained in this 
attempt, but the physiography of the Columbia lava plateaus, seemingly 
simple of elucidation, involves certain subtle difficulties resulting from 
effects of structure and overlying weaker sedimentary formations. 

Considerable data was collected on another problem in the Tertiary his¬ 
tory of central and south-central Washington—the source and mode of 
deposition of the Ellensburg formation. A number of sections of these 
beds were examined to determine the composition of the strata and their 
minor structures, as well as to secure any possible fossil material. It is 
believed that with observations derived from a few additional localities a 
somewhat clearer picture can be drawn of the physical conditions existing 
in this region during upper Miocene time. 

Investigations into the stratigraphy, structure and Tertiary history of the 
Coachella Valley (Salton Basin) region of southern California were con¬ 
tinued during the year. Participation in the surveys by the Metropolitan 
Water District of Southern California for the most feasible route for an 
aqueduct to the Colorado River added a considerable body of knowledge 
regarding this area. The selection of a route depended to a large degree 
upon the distribution of stable and unstable rock masses and upon the loca¬ 
tion and nature of the faults which traverse the region to be crossed by the 
aqueduct. Along the route which was finally chosen from among many 
surveyed and considered—the Parker route—a considerable body of knowl¬ 
edge regarding the geology had been accumulated by the writer and his 
student associates during the previous two or three years in the course of 
investigations under Doctor Merriam’s general supervision. This informa¬ 
tion demonstrated clearly the greater risks which would be incurred if the 
aqueduct were built along certain other routes which had been surveyed 
and were under consideration; these routes were eliminated from further 
deliberations. This information also aided greatly in confirming the choice, 
and the safe location, of the Parker route along the extreme northeast 
margin of the whole length of the Coachella Valley depression. In another 
area to be traversed by the aqueduct—the San Timoteo badlands—geologic 
data acquired in the course of earlier investigations under Dr. Merriam’s 
direction for elucidating the Tertiary history were exceedingly helpful to the 
Metropolitan Water District geologists in determining where the tunnel 
route most favorable from a geologic standpoint should pass beneath the 
badlands block. 

Researches into the Tertiary history of the Tejon Pass region, involving 
study of both marine and continental formations of quite distinct ages on 
the two sides of the San Andreas fault, were advanced somewhat with the 
aid of students participating in the mapping of the Tejon Quadrangle. 
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Observations were also extended on areas east of Tehachapi Valley in the 
Mojave Quadrangle. 

Report of Researches of Remington Kellogg 
Lines or Investigation 

Further progress in the investigations centering on the Upper Miocene 
cetacean fauna of southern Maryland was made during the year 1929-30. 
A skull of the long snouted porpoise Eurhinodelphis and additional skeletal 
remains of a rather large whalebone whale, Cetotherium cephalum, are 
probably the most important of the material secured. As a result of con¬ 
tinued field work, well-preserved skeletal remains of these Calvert Miocene 
cetotheres are being secured. The skulls and critical portions of the skele¬ 
ton of four of these whalebone whales have been found. This material will 
form a basis for an extended report on the fossil whalebone whales of the 
Calvert Miocene formation. 

A report describing the characters and relationships of North American 
zeuglodonts, as well as those occurring in Tertiary formations of Europe, 
Africa and New Zealand is now in course of preparation. In connection 
with this study, all available material in American museums and most of 
the specimens in European institutions have been critically studied. It is 
anticipated that the geological history of these archseocetes will be extended 
by further field work in Texas and California. The discovery of arch®ocete 
vertebrae in the basal portion of the Yegua formation in Burleson County, 
Texas, and of various skeletal remains of another type in a basal Eocene 
formation near Cajon Pass, San Bernardino County, California, serve to 
establish the geological antiquity of these ancient relatives of living whales. 
Illustrations for this paper have been prepared by Mr. Sydney Prentice. 

See Bibliography for papers issued during the year. 

Report of Researches by Chester Stock 

In association with Mr. M. R. Harrington, explorations were conducted 
in Gypsum Cave, near Las Vegas, Nevada. This occurrence proved to be 
of considerable importance because of the presence of unusually well-pre¬ 
served remains of mammals characteristic of the Pleistocene and of evi¬ 
dence of the presence of man. Of special concern in this connection are 
(1) the problem of contemporaneity of man and of mammals now extinct, 
and (2) the problem of antiquity of the fossil or sub-fossil assemblage. 
Evidence of possible association of the cultural stage with remains of 
ground sloth (Nothrotherium) , camel, horse, mountain sheep and other 
mammals was critically examined. Preliminary statements of the occur¬ 
rence and of problems of antiquity presented in Gyprfum Cave were made 
at the Pasadena meeting of the National Academy (Science, vol. 72, p. 405), 
and during Exhibition week of the Institution in December 1930. 

Field operations during the summer of 1930 were again conducted in the 
northern portion of the Great Basin Province, in cooperation with the Cali¬ 
fornia Institute of Technology. During the past few years search for 
vertebrate paleontological materials has been carried beyond the classic 
localities in the John Day region to areas in southeastern Oregon and west¬ 
ern Idaho with a view to establishing more clearly the correlation of the 
several Tertiary faunal horizons from this portion of the province. Locali¬ 
ties at Skull Spring, Harper, Sucker Creek and near Rome on the Owyhee 
River, all of which occur in Malheur County, Oregon, were again examined 
and additional collections obtained. The materials secured at Skull Spring 
and at Sucker Creek furnish a significant record of a middle Miocene faunal 
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stage related to the Payette of Idaho. Moreover, Pliocene faunas are now 
known from the eastern border of the state that can be correlated, at least 
in a broad way, with the Rattlesnake of the John Day region and with the 
Thousand Creek of northwestern Nevada. Studies of individual faunas 
are now being planned and Mr. Chas. Lewis Gazin has completed a report 
on the Skull Spring Miocene assemblage. Mr. Furlong completed a com¬ 
prehensive survey of the horn characters and relationships of the antelope 
genus Sphenophalos and this was published in the Carnegie Institution Pub¬ 
lication No. 418 (pp. 27-36, 5 pis., 1 fig. in text). 

Further search was made at Thousand Creek for paleontological mate¬ 
rials. Among the materials collected are remains of a new type of otter 
whose relationships add significant information to the late Tertiary develop¬ 
ment of this group. This material is being studied by Mr. E. L. Furlong. 

Substantial progress has been made toward the completion of the memoir 
on the Pleistocene Felidae of Rancho La Brea. In this connection, study 
has been made of related sabre-tooth and true cats from the Pleistocene of 
North America. 

Completion of the paleontological reports has been forwarded by the 
assistance rendered by Mr. J. L. Ridgway in the preparation and super¬ 
vision of the illustrative material. 

Hildegarde Howard plans to submit shortly the completed manuscript 
and plates of a paper devoted to a revision of the eagle group as represented 
at Rancho La Brea. 

White, David, National Academy of Sciences, Washington, D. C. Study 
of the fossil floras in the Grand Canyon, Arizona. (For previous 
reports see Year Books Nos. 26-29.) 

The study of the remains of pre-Cambrian life collected from the Grand 
Canyon and vicinity has as yet revealed only a rather wide range of forms 
of lime deposit laid down through the activities of algae, principally of the 
blue-green order, or thin carbonaceous residues attributable only to plants. 
A few trails and problematic impressions appear to admit interpretation as 
possibly of animal origin. 

The detailed examination of the types of algal deposit has made very 
slow progress on account of lack of time and the need for better methods, 
both of demonstration of structure and of photography. It is rather con¬ 
fidently expected that during the coming year a portion, at least, of the 
plant structures can be made more visible through the aid of staining proc¬ 
esses or by painstaking etching. In a portion of the material the organic 
structure is fairly visible under a strong hand lens, but efforts to photograph 
it satisfactorily have not yet been successful. 

The westward extension of the Unkar group into Nevada has been recog¬ 
nized by D. F. Hewett and C. R. Longwell. Specimens of alga-deposited 
lime similar to some of those found in the Bass limestone near Bright Angel 
Creek, Grand Canyon, have been submitted by Lincoln Ellsworth, who col¬ 
lected them on the east side of Death Valley, California. 

A short paper discussing the general nature and distribution of the prin¬ 
cipal discoveries of pre-Cambrian plant life is nearly ready for publication, 
but the more detailed descriptive report defining the genera and species 
awaits the results of etching and staining as well as an effort to secure better 
microphotographs of opaque material. 
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Compton, Karl T., Princeton University, Princeton, New Jersey. Investi¬ 
gations in the field of spectroscopy conducted at Princeton University. 
(For previous reports see Year Book Nos. 28,29.) 

As in previous reports the work in this field may conveniently be divided 
into three parts corresponding to the three objectives in support of which a 
grant was authorized from the Carnegie Corporation of New York to Car¬ 
negie Institution of Washington. 

Studies in Gas Opacity 

The objective of these studies has been to investigate the phenomena of 
refraction and absorption of light by gases, with particular reference to light 
of wave length very near the critical wave length of the absorbing gas. In 
the studies previously reported, it was shown that the shape of the disper¬ 
sion curve and the shape of an absorption line are accurately described by 
the classical equations of dispersion and absorption. This was proved for 
the shape or form of these curves, that is, for the relative variation in dis¬ 
persion or absorption as a function of wave length. 

During the past year the studies have been devoted primarily to testing 
the absolute magnitude of the dispersion or absorption. The unexpected 
result has been found that the absolute magnitude of absorption as meas¬ 
ured by line width is approximately seven times as large as would be pre¬ 
dicted on the classical theory. The discrepancy is even greater if one were 
to apply the current forms of quantum theory, according to which classical 
oscillators are replaced by a fractional number of “equivalent classical 
oscillators.” Another way of stating this result is that the gas molecules 
are much more effective in producing gas opacity than are classical oscil¬ 
lators, but that their relative effectiveness at various wave lengths varies 
with wave length in just the same way as it should vary with classical 
oscillators. 

The formula for gas opacity show that the line width must be propor¬ 
tional to the square of the number of absorbing molecules through which 
the light has passed. Since the line width is found to be seven times greater 
than would be expected from a given number of molecules on the classical 
theory, it follows that if the measured line width were used in connection 
with the classical formula for estimating the number of molecules in the 
line of sight, the number so estimated would be seven squared, or practically 
fifty times too great. 

This discovery has an exceedingly important application in astrophysics, 
since it is by means of observed gas opacity, as indicated by the Fraunhofer 
lines, that the estimates of the pressure in the reversing layers of sun and 
stars have been made. In the absence of evidence to the contrary, and sup¬ 
ported by the success of the classical formula in predicting the shape of 
absorption lines, the classical formula has hitherto been employed in esti¬ 
mating the gas pressure in the reversing layer. According to the present 
results, these previous estimates of pressure are approximately fifty times 
too large. 
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This work has been done by Dr. Serge Korff under the supervision of 
Professor John Q. Stewart. On account of the obvious astrophysical im¬ 
portance of this result, arrangements have been made to carry on the work 
with the benefit of the great resolving power of instruments at the Mount 
Wilson Observatory. Dr. Korff has been appointed National Research 
Fellow for the coming year to carry on this work in that place. 

. Analysis or Spectra 

Several years ago a large committee on Line Spectra was appointed by 
the National Research Council to prepare a comprehensive report on atomic 
spectra, which subject has had such tremendous developments during the 
past ten years. This committee decided that it would be unwise to pre¬ 
pare such a report until certain large gaps in the information regarding line 
spectra had been filled, and arranged to distribute the investigation of these 
gaps among various laboratories which were interested in spectroscopic 
work. Certain sections of this program were undertaken at Princeton Uni¬ 
versity, since three members of the committee are located in Princeton, 
Professors H. N. Russell, Chairman, A. G. Shenstone and L. A. Turner. 
Work has therefore progressed along the same lines as those indicated in 
the report of last year, with special reference to spectra of the metals of the 
platinum, iron and copper groups. The work has reached a stage which 
justifies the committee in proceeding with its report, on which work will be 
begun this fall, and which will incorporate the results of work done at 
Princeton and elsewhere in the fairly successful attempt to secure a com¬ 
plete picture of atomic spectra. 

With the approximate winding up of the work in atomic spectra, activity. 
has shifted more and more into the field of the more complicated molecular 
spectra. Here Professor H. D. Smyth has undertaken a program of corre¬ 
lating data on the products of ionization by electron impact with the data 
of band spectra. By means of band spectra it is now possible to calculate 
the potential energies of molecules in their various excited states, and in 
particular to draw a curve which represents the potential energy of a 
molecule as a function of the distance of separation of its component atoms. 
The features of such potential energy curves have quite successfully ex¬ 
plained the observations on critical potentials at which molecules may be 
excited or dissociated by electron impact. Professor Smyth has just pub¬ 
lished a complete survey of present knowledge in this field in the current 
number of the Reviews of Modern Physics. A large part of the work there 
reported is the result of the activities of Professors Smyth and E. U. Con¬ 
don, and their colleagues in Princeton. 

Spectroscopy in the Extreme Ultra-Viou:t 

In the report of last year, mention was made of difficulty encountered In 
maintaining a sufficiently good vacuum in the large vacuum spectrograph 
which had been constructed during the past two years. This difficulty has 
continued during the greater part of the past year. It was finally located 
as due to tearing open of several seams as the result of pressure exerted in 
screwing on the end-plates against the gaskets. After unsuccessful attempts 
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to repair these seams in location, the spectrograph was finally completely 
dismantled and sent back to the shops, where new end-plates of improved 
design have been attached. 

After this remodeling the spectrograph appears to be satisfactory as 
regards vacuum and the work in remounting and readjusting the optical 
parts has been practically completed. Work had to be discontinued dur¬ 
ing the summer, since it was found to be impossible to maintain the labora¬ 
tory rooms at the temperature for which the adjustments had been made. 
The way seems clear to proceed actively with the final adjustments and the 
first actual use of the instrument in the fall. 

This vacuum spectrograph and its attachments are to be transferred to 
the Massachusetts Institute of Technology in the late fall or early winter, 
where it will be mounted in a specially fitted rodm in the new spectroscopy 
laboratory which is nearing completion. In addition to convenient fit¬ 
tings, this laboratory is specially designed for freedom from vibration and 
for constancy of temperature, and through an air conditioning plant the 
temperature can be kept down in summer as well as raised in winter, so 
that it will be possible to continue work throughout the year. Dr. J. C. 
Boyce, who has collaborated with the writer in this aspect of the work, will 
accompany the spectrograph to Massachusetts Institute of Technology. 
There is one small program of work which can probably be completed in 
Princeton before the spectrograph is transferred to the new location. 

A second smaller vacuum spectrograph, which had been previously con¬ 
structed, has been operated during the past year by Mr. J. L. Nickerson, 
who has been investigating the formation of helium molecules as indicated 
by the band spectrum of helium in the extreme ultra-violet, and by the 
appearance of a peculiar continuous band at 600A regarding whose origin 
there has been a great deal of discussion. The results of this investigation 
indicate that this band is due to the dissociation of a molecule consisting 
of one excited and one unexcited atom of helium which accompanies the 
reversion of a displaced electron to its normal orbit. The results of this 
investigation are to be published in the near future in the Physical Review. 

Personnel employed on the Grant from the Carnegie Institution 

Miss Janet Maclnnes, computer. Miss Maclnnes has at various times 
assisted Professors Russell, Shenstone and Smyth in measuring plates and 
computing wave lengths. She has also collaborated with Dr. Boyce in 
preparing a revised second edition of the complete list of wave lengths of 
spectral lines shorter than 2500A. This list has been received with much 
appreciation by workers in the field of ultra-violet spectroscopy, several 
of whom have collaborated in furnishing additional material for this second 
edition. 

Mr. J. L. Nickerson, research assistant. Mr. Nickerson has worked on 
the problem outlined above and in addition has assisted Dr. J. C. Boyce. 

Mr. R. Prickett, instrument maker, completed his work and resigned 
Oetober*18,1930. 

See Bibliography for publications issued in connection with this work. 
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Committee on Study of Surface Features of the Moon. Progress report 
for the period July 1930 to June 1931. (For previous reports see Year 
Books Nos. 26 to 29.) 

Study of the surface features of the moon has emphasized the need for a 
lunar map that is free from the personal factors that have entered hereto¬ 
fore into the construction of maps of the moon. To this end the photo¬ 
graphic method, referred to in previous reports, of transforming photo¬ 
graphs taken at Mount Wilson is being developed. Selenographers have 
adopted a definite coordinate system for use in defining the position of any 
given feature on the moon’s surface; the coordinates are expressed either as 
r£seau coordinates, or as latitude and longitude angles. The coordinate 
positions of nearly 3000 features on the moon’s surface have been deter¬ 
mined by selenographers, especially by S. A. Saunder by measurements on 
lunar photographs. These data on selenographic positions form the basis 
for the construction of any lunar chart, either by hand or by photography. 

A terrestrial map is the representation of a portion of the earth’s surface 
on a definite plane and to a definite scale; the representation itself varies 
with the particular form of projection employed. In a lunar map the 
plane of projection is the x,y plane of the selenographic coordinate system 
and is normal to the line of sight to the moon at its position of mean libra- 
tion as seen from the earth. The form of projection most suitable for a 
lunar map is the perspective meridional projection that represents the 
moon, as it would appear to the eye of the terrestrial observer at the mean 
distance of the earth from the moon and along the standard line of sight. 
The problem of preparing a lunar map by photography reduces, therefore, 
to the task of transforming lunar photographs, so that each photograph, 
after transformation, represents the surface of the moon as it would appear 
to an observer out in space at the mean distance of 238,857 miles from the 
moon and on the standard selenographic line of sight. 

In the photographic projection method, the lunar negative taken with 
the 100-inch telescope is first slightly enlarged or reduced to 15 inches 
diameter, which is the diameter of the image, at the Cassegrain focus of 
the 100-inch telescope, of the moon at the mean distance from the earth. 
This lunar positive is projected by means of a concave mirror of 67.5 feet 
focal length and 135 feet distant on a bell metal globe, 15 inches in diameter 
and coated with magnesia powder. The angular relations between the 
features thus projected on the globe are similar to those on the moon itself, 
and the illuminated globe is in effect an artificial moon that may be photo¬ 
graphed from any direction, either from the side or along the standard line 
of sight. This projection of the lunar positive on the globe is extremely 
beautiful and gives the observer a clear picture of the spatial relations of 
the lunar surface features. 

The globe is now photographed, with the aid of a second concave mirror 
of 67.5 feet equivalent focus, along the standard line of sight which is de¬ 
termined beforehand with the aid of a special projection chart prepared 
during the past year. 

The total length of the light path from the lunar positive to the globe 
and thence to the photographic plate is 540 feet, a path so long that testa 
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made in Pasadena showed that vibrations due to street traffic, pumps, etc., 
are so pronounced that it is not possible to use the apparatus in a city. 
The apparatus was accordingly transferred to Mount Wilson to two small 
shelter houses constructed north of the 100-inch telescope building. In 
the one house were mounted a powerful light source, an adjustable mount 
for the lunar positive, the 15-inch globe coated with magnesia powder, and 
an adjustable support for the photographic plate on which the image of 
the globe is projected. The second building contained the two concave 
mirrors, one of which imaged the moon positive on the globe while the 
second in turn imaged the globe on the photographic plate. The second 
mirror can be moved along a circular arc track to a distance corresponding 
to an angle of 11° 20' from the first mirror as seen froth the center of the 
globe. ' 

Examination of the image projected on the globe showed remarkably 
fine detail and excellent contrast, but the image was in almost constant 
vibration and could not be satisfactorily photographed. This effect was 
in large measure caused by air currents across the beam of light over the 
long path of 540 feet close to the surface of the ground. During the pres¬ 
ent summer the entire path has been enclosed by a double, paper-walled 
shelter of simple construction. Tests have shown that this shelter does 
effectively screen off convection currents, and that the image on the coated 
globe is remarkably steady. It is expected that the first series of photo¬ 
graphic lunar maps will soon be completed with the aid of this apparatus. 

For satisfactory physiographic studies on lunar land features a topo¬ 
graphic map is an essential adjunct. Little progress in physiographic 
analysis can be expected until after a satisfactory map of this nature even 
with 1000-foot contour interval has become available. During the past 
year a stereoscopic method, similar in principle to that used in airplane 
mapping, has been devised for making a topographic map of the central 
part of the moon, out to 45° from the center of the disk. The contour 
interval will probably be 1000 feet or 250 meters, but it may possibly be 
500 feet. For this task, the double-walled, 135-foot shelter will be needed 
to insure good seeing conditions. The building of the apparatus for this 
project will require some time. After it has been thoroughly tested, the 
services of an expert topographer, thoroughly acquainted with photo- 
topographic mapping, may well be secured to carry out the mapping with 
the aid of the best Mount Wilson negatives. The problem is quite different 
from terrestrial mapping, because it is the differential elevations of the 
moon's features above and below its mean spherical surface that are de¬ 
sired and not the spherical surface of the moon itself, modified slightly by 
the surface irregularities. This condition makes the problem more difficult, 
but also more attractive. 

Several additional spectrograms of the walls and floors of craters and 
other features of the surface of the moon have been made by Dr. Adams 
with the small quartz spectrograph and Wollaston prism. The photo¬ 
graphs have been standardized and examined with reference to the amount 
of polarized light at different wave lengths. It is clear that the effect is 
small, and the investigations will be extended further into the ultra-violet 
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where it may be more marked. Microphotometer tracings will be used 
for quantitative measurements of the spectrograms. 

The lens blanks for the new Ross zero-corrector lens for the 100-inch 
telescope have been purchased by the Moon Gommittee and are now being 
figured in the optical shop of Mount Wilson Observatory. This lens will 
make it possible to obtain photographs of the whole moon at the primary 
focus of the 100-inch telescope with practically no distortion. Such photo¬ 
graphs will be better suited for lunar map-making purposes than those now 
available. It is expected that the new lens will be ready for use by the 
summer of 1932. 

A new, highly sensitive galvanometer has been purchased for use with the 
vacuum thermoelement in a study, by Dr. Pettit, of the infra-red reflection 
and radiation from different points on the moon’s surface. 

A meeting of the Moon Committee was held on Mount Wilson in Sep¬ 
tember 1930. Seeing conditions were unfortunately so poor that the tele¬ 
scopes could not be used, and the customary study of lunar features by the 
several members of the Committee at the telescope together with inter¬ 
change of views on lunar surface details was not possible. 

W. S. Adams, 

J. P. Buwalda, 

A. L. Day, 

P. S. Epstein, 

F. G. Pease, 

Edison Pettit, 

H. N. Russell, 

F. E. Wright {Chairman). 
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American Geographical Society, New York, N. Y. Completion of the 
study of delta of Colorado River, by Godfrey Sykes. (For previous 
report see Year Book No. 29.) 

Field Work 

Conditions during the past year have been very favorable for extending 
the scope and range of the field studies, the general shortage of water 
having made it possible to enter and examine portions of the delta which 
have been for some years difficult of access, and to make field checks upon 
former work which had hitherto seemed possible only through comparison 
of maps and records. ' 

The three regions selected for intensive examination were: (1) The wide 
meander strip of the old Colorado, with its main channels, between the 
termination of the Arizona-Sonora boundary line and tidewater; (2) the 
great swamp and deposition area to the south of the 1923-29 course of 
the river; and (3) the estuary. 

It had been realized for some years that the activities of development 
companies which were pressing forward into the hitherto untouched por¬ 
tions of the delta, especially upon the eastern side, were rapidly obliterating 
many topographical features such as the remains of former channels and 
sloughs, identification of which was deemed to be of great importance to my 
work. This area was therefore closely examined in a series of traverses dur¬ 
ing the winter months, with the result that portions of the old river channels 
mapped by Lieutenant Ives in 1858, and the remains of other alignments 
which have at various times formed part of the general drainage system, 
were located and tied in with existing permanent landmarks. 

The remains of Lieutenant Ives’ little pioneer steamer, the Explorer, 
which was carried down into this region in or about 1864 and subsequently 
lost sight of until accidentally rediscovered by a surveying party in the 
Spring of 1930, were located with reference to the former channel and recent 
and permanent boundary monuments, and at length fully identified. 

Opportunity for doing this work at the present time was considered 
fortunate, as the river is showing a decided tendency to swing back toward 
this old meander zone, through areas in which much clearing and leveling 
have already been done with more in prospect. A single great flood may 
totally obliterate the records left by a century of normal channel wan¬ 
derings. 

Data concerning at least the more stable alignments of the old main 
channel from 1858 until the time of its abandonment in 1909, and extending 
from the mouth of the Gila to the head of tidewater, are now fairly com¬ 
plete, although it has not yet been possible to obtain much information, 
either through direct field work or from other sources, concerning the im¬ 
portant inter-tidal region between the old Colonia Lerdo and the head of 
the estuary, and containing the junction of the former main channel and 
the Harcly. Changes in this vicinity have been rapid, extensive and prac¬ 
tically continuous, at least as long as both channels carried live streams. 
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The work undertaken in the second area, in which the present condi¬ 
tions have made satisfactory progress possible, has consisted principally in 
the barometric determination of elevations at significant points upon the 
surface of the newly deposited silt beds in order to establish their relation¬ 
ship, first, to known bench marks along the grade of the Mexicali & Gulf 
Railroad and Rodrigues levee, and, second, to such fragmentary records and 
notes as are available of levels established during former surveys in this 
portion of the delta, before the recent deposition took place. 

These comparisons will furnish a necessary check upon present esti¬ 
mates of the volume and distribution of the detrital matter which has 
reached the region and form a basis upon which to predict successfully the 
course of future developments in distributive and drainage channels in the 
event of a further invasion by the river. 

The examination of the estuary was undertaken less on account of in¬ 
creased accessibility than from a realization that under the present unusual 
conditions where the supply of water and silt from the river had reached 
the zero point, the effect of unrestricted tidal action upon the shores and 
shoals would become more easily discernible. 

The loss, through decay, storm, or shore erosion, of all the leading or 
range marks which were erected upon the shores during the era of naviga¬ 
tion, and are still described in the Coast Pilot, makes extremely difficult 
the present identification of even the more prominent features shown upon 
the charts. There is little doubt, however, that practically the entire 
estuary now occupies a different position from that so carefully established 
and plainly mapped by Lieutenant Ives and his associates in 1857-58, or 
even from the amended position and configuration shown by Commodore 
Dewey in 1872-73. 

Millions of cubic yards of friable material have since repeatedly changed 
position as a result of the enormous tides which sweep the channels day 
by day, and shore lines have advanced or receded, islands and shoals have 
been formed or have disappeared, and drainage sloughs cutting into the 
surrounding tidal flats have been deepened or obliterated. 

At the present time all change is in one direction—depletion—which is 
the result of continual tidal inroads upon the accumulated detrital material 
consequent on a changed balance between tide and river. 

An associated change observed in the estuary during the past season has 
been in the size, frequency and range of the tidal bore which used to form 
such a spectacular feature of the incoming spring tides. As far as this 
phenomenon has been observed lately, the advancing wave of water has 
been much smaller and less violent in its rush than was the case under cor¬ 
responding conditions of tide and wind in former years. The change is 
probably due in part to the absence of an opposing current from the river 
and in part to the changed configuration of the channel and bar resultant 
upon unhampered tidal scour. 

Other Phases or the Investigation 

Apart from the field studies in the delta itself, and in addition to the 
usual semiannual meteorological expeditions into southwestern Arizona and 
Sonora which have been made for many years as an adjunct to the delta 
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investigation, a special journey was made along the international boundary 
line, into the Tinajas Atlas Mountains, and on to the Sonoran Mesa border¬ 
ing the eastern side of the delta. The object was to observe the extent 
and effects of a devastating storm which originated in this region in mid- 
February and was the cause of the sharp flood which reached the delta a 
few days later. It was found that no flood-water reached the delta directly 
from the area in which the storm had originated and spent its initial force, 
but that after very heavy precipitation along the eastern slopes of the 
Tinajas Altas Mountains the water had passed down in the form of a 
sheet flood into a well-defined drainage artery which had carried it due 
north into the Gila, wrecking a small hamlet en route, and so eventually to 
the Colorado and delta. 

It was an excellent and very interesting example of the type of violent 
storms which occur, perhaps at intervals of several years, in this generally 
super-arid region, leaving destruction in their wake and occasionally carry¬ 
ing a great amount of detrital material, in the form of surface or sheet 
flow, into the delta or on to the coastal plains. 

The task has been undertaken of redrawing to a uniform scale, for the 
purpose of easy comparison, all the map material meanders and cadastral 
surveys accumulated from various sources, which are of especial signifi¬ 
cance in the interpretation of channel change and development. 

The material is largely fragmentary, has been drawn to different scales 
and projections, and to emphasize different features, so that satisfactory 
comparison has hitherto been difficult. 

The scale adopted for redrawing is a half inch to one kilometer, which 
makes it possible to bring in the entire region from the Gila River to the 
Gulf upon a sufficiently large scale to show important detail, and yet to 
keep the work within manageable size. 
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Evans, Herbert M., University of California, Berkeley, California. 
Researches on the relation of gaseous metabolism of animals to endo¬ 
crine and vitamin deficiency. 

The research, being conducted in this laboratory on the relation of the 
gaseous metabolism of animals to endocrine and vitamin deficiency, has 
been in collaboration with Dr. Alexander Szarka. It has been made pos¬ 
sible by reason of grants from the Carnegie Corporation of New York to 
the Carnegie Institution of Washington. 

Our first effort was to determine the effect of the growth hormone of the 
anterior hypophysis on gaseous metabolism. Several hundred determina¬ 
tions were made of the effect of the growth hormone on oxygen consump¬ 
tion of normal adult rats. These determinations gave us a characteristic 
picture of a very appreciable rise at the beginning of hormone administra¬ 
tion and gradual return to the normal level. We sought to analyze this 
result by eliminating the influence of the gonads and of the thyroid by 
extirpation experiments. 

In adult females, the hypophysis ovarian cycle is connected with a 
rhythmic change in the metabolism; on the other hand our growth hormone 
preparation has deeply influenced the regular cestrous cycle. However, our 
gonadectomized and growth-hormone injected females have not shown con¬ 
siderable differences from the normal adult injected females. Our thyroid- 
ectomized rats have never shown the very great rise (25 to 30 per cent) 
which is common in normal rats; however, a slight rise (8 to 12 per cent) 
was obtained in rats with good growth rates. On the basis of these results 
we can not in normal rats exclude entirely the participation of the thyroid in 
the characteristic 0 2 consumption curve, but it is not surprising that the 
beginning of the growth, i.e., the transition from a rest to a sudden further 
development, is connected with a considerable acceleration of the energy 
supplying oxydative reactions. 

In determining the gaseous exchange of our animals, we obtain only the 
result of the metabolic processes in the organism as a whole, but the sepa¬ 
rate metabolism of the different organs and the finer processes in the cells 
remain unrevealed. So we do not feel that further investigations along this 
line (t'.e., determining alone the O a consumption of these animals) will bring 
us closer to understanding the metabolic processes in these rapidly growing 
creatures. 

It is known that other rapidly growing tissues—tumor and embryonic 
tissues—have characteristic differences from other normal cells. They are 
able, for instance, to obtain the necessary energy not only by oxydatiye 
processes but in great part by anaerobic glycolysis. 

It would have a great theoretical and possibly also a practical interest 
to know the difference between the mechanisms of energy production of the 
different tissues artificially stimulated to grow by our growth hormone and 
between embryonic tumor tissues. We have a fully equipped Warburg 
tissue respiration apparatus for this, and work has already begun. 
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Mussen, Aubrey T„ Johns Hopkins Hospital, Baltimore, Maryland. 
Studies on cerebellar functions and localizations. (For previous re¬ 
port see Year Book No. 29.) 

The particular objective of these experiments is to investigate the nature 
of the physiological activity which is responsible for the regulation of 
posture. 

From previous stimulating and destructive experiments the following 
conclusions have been drawn, viz, that in health the anterior vermis is re¬ 
sponsible for the maintenance of forward balance, but after a lesion forward 
balance is lost; and that the posterior vermis regulates backward balance, 
and when destroyed backward balance is lost. This view of cerebellar 
function has been objected to on the ground that the same lobe can not 
control opposite activities. As there was no precedent for this opinion, and 
as it could not be supported by other investigators, this method of research 
not being employed by any one else, it was necessary to demonstrate in an 
indisputable manner that the observations were correct. 

In attacking this problem it was decided to limit the preliminary investi¬ 
gations to the anterior and the posterior vermis. By a comparison of the 
symptomatology of two such opposite reactions, as the loss of forward and 
backward balance, it was felt that such distinct differences would be re¬ 
vealed that the nature of the cerebellar control should be indicated. 

Since last September a number of very successful experiments have been 
performed. The cats have been kept under observation from the first day 
through several weeks, and sometimes months. The symptoms were very 
definite. The location of the lesion was clearly indicated. An explanation 
was found for the apparently contradictory assertion that two distinct and 
opposite functions are contained within the lobes of both the anterior vermis 
and the posterior vermis. The manner in which the different neck reflexes 
affected posture was very apparent. 

As these are the first experiments in which the influence of the cerebellum 
on muscle tone and equilibrium has been clearly demonstrated, they ap¬ 
peared to be of sufficient importance to present before the inaugural meeting 
of The International Neurological Congress at Berne, Switzerland, this 
Summer. The following title was therefore submitted, “The Cerebellum— 
The Effect of Focal Lesions on Muscle Tone.” This has been accepted by 
the foreign committee and the accompanying abstract will be incorporated 
in the program. 

In the Autumn, further investigations will be conducted and serial sec¬ 
tions examined. With the conclusion of these preliminary researches at 
the end of the year, it should be possible to state whether the cerebellar 
control over muscle tone and equilibrium is of cortical or central origin. 
But the cerebellar research will not be completed until the middle and 
ventral lobes of the vermis and the middle and posterior lobes of the hemi¬ 
spheres have been carefully explored. 

When the effects of focal lesions on all the lobes have been observed and 
compared, it is my belief that definite syndromes will be recognized which 
should prove of great practical value in the early diagnosis of cerebellar 
disease. 
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Russell, G. Oscar, Ohio State University, Columbus, Ohio. Physiological 
cause of voice quality differences. (For previous report, see Year 
Books Nos. 28 and 29.) 

This report concerns studies by Dr. Russell with funds appropriated by 
Carnegie Corporation of New York to Carnegie Institution of Washington. 

Development of all phases of this investigation has continued. The 
Laboratories at 11 West 49th Street in New York were kept open until the 
middle of the Autumn, when all the property in this area was razed in 
order to provide space for the new radio city. Paid assistants included 
Caperton B. Horsley, Charles P. Madsen, Dr. C. J. Kraissl and Miles G. 
Goff. Extensive unremunerated assistance was rendered by Wilfried Klam- 
roth, Oertel Russell, Percy Rector Stephens, Walter L. Bogert; a large per¬ 
centage of the New York members of the American Academy of Teachers 
of Singing; and the outstanding Metropolitan Opera, concert, and other 
vocal artists of international repute, who gave freely of their services. 

Most of the year’s work consisted of securing X-ray photographs of the 
vocal organ positions, synchronized with sound and certain graphic records, 
in order to fix definitely the facts pertaining to the numerous suppositions 
popularly designated as “theories” (though practically without real ob¬ 
jective facts to support them), which have heretofore been entertained not 
only by voice teachers, but by scientists generally; for example such as the 
position of the tongue, velum, and larynx, the extrinsic and intrinsic laryn¬ 
geal muscles, in their varying positions as related to pitch and quality 
change, and action involved in creating the same; the question as to how 
pitch change is accomplished and whether the traditional concept as to the 
function of the thyroid, cricoid and arytenoid cartilages is tenable in the 
light of actual fact or not; etc. 

Most of the films which have been obtained have to be carried through 
several painstaking redevelopment processes, and the major part of the time 
of the whole staff has been devoted to this task. Probably in the course 
of the next two years, very vital information can be released pertaining 
to some of these factors. But until careful tabulation can be made, it 
would be unwise to make report here. 

THE LARYNX AND VOICE PRODUCTION 
Extrinsic Laryngeal Function 

There are two specific conclusions concerning the physiological factors 
involved in voice production which may here be reported. One results 
from a series of experiments by Mr. John E. Wenrick with G. Oscar Russell, 
in which it became possible to stimulate from the exterior those muscles 
which cause an approximation of the thyroid and cricoid cartilages. It had 
been widely assumed that rising pitch was accomplished by this movement, 
and this assumption represented what was generally thought to be the most 
outstanding fact pertaining to the function of the larynx. Dr. Elmer L. 
Kenyon (in Archives of Otolaryngology vol. V, pp. 481-501, June 1927), 
reported some of his observations based upon manual palpation which 
called this assumption into question. (See also Eijkman, Leerboek der 
Phonetick.) Before proceeding with this investigation it became necessary, 
therefore, to seek definite objective graphic evidence pertaining hereto. 
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In the apparatus set-up used, graphic pitch registration was provided by 
an oscillating system automatically incorporating a mechanical filter sys¬ 
tem to eliminate most over tones and leave nothing but the fundamental; a 
synchronised sound record to accompany the same; a stimulating device 
of the induction coil type using a brass electrode 5 mm. in diameter, cov¬ 
ered with moist cotton; a 100 d. v. electrically driven timer connected in 
parallel with the inductorium; an electrically driven recorder connected in 
series to show the exact moment stimulus was applied; and finally a simul¬ 
taneously observed record of interior laryngeal function obtained through 
our fonofaryngoskop (reported in Year Book No. 28). 

The results of experiments on fifteen subjects showed that this stimula¬ 
tion causing the approximation of the thyroid and cricoid cartilages low¬ 
ered rather than raised the pitch as was assumed prior to the time Dr. 
Kenyon made his report. These objective and graphically recorded experi¬ 
ments definitely confirm Dr. Kenyon’s observations. Since this question 
is so basic in any consideration of how the singer sings, it is obvious that 
these results represent one of the important completed contributions of this 
year’s work. They were published in Archives Neerlandaises de physiologie 
(vol. VI, pp. 88-100,1931). 

Intrinsic Laryngeal Function 

Last year (Year Book No. 29) a report was made on the extensive evi¬ 
dence gathered by means of our sonometer used on Bori, Johnson, Tibbett 
and many other noted vocal artists, showing that the various nasal, sinus, 
and other head cavities did not appear to function in providing the glottal 
tone emitted by the vocal cords with greater so-called “resonance” or carry¬ 
ing power. The objective evidence gathered by means of our sonometer, 
devised for the purpose of indicating the facts in a graphically measurable 
objective way showed, in other words, that the voice as it emitted from 
the original source was considerably louder, carried with it more energy, and 
would penetrate to considerably greater distances if released from nothing 
more than a concentrating megaphone superimposed thereon, than after it 
encountered these head cavities. The reverse had heretofore been assumed 
to be true. This investigation was forced, therefore, to branch off into an 
attempted objective study of the interior mechanism involved in the pro¬ 
duction of the original voice tone. 

In these experiments we had the collaboration of Clifton J. Tuttle, to 
whom the task had been entrusted by his immediate chief, Dr. L. A. Jones 
of the Eastman Research Laboratories. No charge was made for the very 
extensive contribution of this organization and I take this opportunity of 
acknowledging the great service rendered by Mr. Tuttle and the Eastman 
Research Laboratories, including the full staffs of sections other than that 
of Dr. Jones, who through Mr. Tuttle were interested in the various rami¬ 
fications of our experiment, especially the sound synchronization group. 

After a large number of discouragingly disturbing failures, it finally be¬ 
came possible for us to get very clear rapid moving pictures of the interior 
larynx durjng normal function. Some of these were obtained in color and 
were reported in Color Movies of Vocal Cord Action—An Aid in Diagnosis 
(The Laryngoscope, St. Louis, Aug. 1930). 
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We were even more successful than had been anticipated because it 
finally became possible to obtain also a synchronized sound record along 
with the moving-picture experiments. By this means, it becomes feasible 
to check back very carefully on exactly what sound, what vowel, voice 
quality and pitch was involved in the production of any particular frame. 
Report on this sound synchronization moving-picture study was given in 
Chicago before the Otological and Laryngological Association, January 5, 
1931, and before the Triological meeting in St. Louis, June 4,1931. 

A summary of the actual facts which seem to stand out follows: 

Many pitch changes are obviously accomplished by a movement of the 
arytenoid cartilages rather than of the interrelated movements of the cricoid 
and thyroid. The detailed report of the muscles and movements involved 
and their apparent action was included in the last chapters of Speech and 
Voice (Macmillan, 1931, pp. 198-250), including extensive diagrams traced 
from a several months’ fonofaryngoskopik study of the interior laryngeal 
positions observed; an analysis of the possible muscular action involved; 
and an interpretation of the probable source of error in the disproved tra¬ 
ditional concepts (Speech and Voice, especially pp. 225-231). 

This investigation also pointed out, I believe for the first time, what both 
fonofaryngoskopik observation and interior laryngeal movies seem to indi¬ 
cate as a very important function of the cuneiform cartilages, or cartilages 
of Wrisberg. I refer to a sphincker-like interaction between them and the 
pulvinar (cushion or tubercle) of the epiglottis. It seems that many of the 
most vital interior laryngeal operations are accomplished or aided thereby. 

Among others, their approximation brings about a mechanical lowering 
of pitch which may or may not have to do with a stretching or relaxation 
of the vocal cord proper. 

This superior pulvinar-Wrisberg closure is shown to be so radical on low 
pitches in the normal speaking voice as to leave an opening but little larger 
than that of a pin head. It is very obvious that when a sound from the 
vocal lips is forced to escape through such a narrow opening, the inevitable 
result will be a mechanical lowering of pitch, due to the damping effect of 
the penned-in air space between their approximation and the vocal lips 
proper. In other words, the sound will not surge in and out of such a small 
opening at as rapid a rate as would otherwise be possible; consequently it 
is slowed down in its oscillation and the pitch is thereby substantially 
lowered. Obviously this slowing down of the vibratory rate or lowering of 
the pitch would be progressively greater as the opening above the vocal lips 
got smaller. 

It follows that this soft-surfaced function would also operate as a 
progressively greater and greater damper on the high-pitched components 
or partials in the complex glottal tone, thus functioning as a very effective 
variable low-pass filter. As this function is so vital and no observation, 
thereof has been made, I hope that an intensive investigation of this aspect 
of interior laryngeal function may be made possible some time in the future. 

This same approximation between the cartilages of Wrisberg and the 
pulvinar, aided and abetted by a lateral loose approximation between the 
ventricular bands as well as little globules of mucus which gather therein 
and are set into vibration when the vocal cords under them begin their 
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function, seems to be responsible for the creation of gutturality in the voice. 
This observation I believe also to be entirely new. 

If the facts shown in the present series of experiments prove to be gener¬ 
ally true, it becomes obvious that much of the bad voice quality heard in 
voices of the deaf (which are all too often guttural and harsh) may be 
attributable to this particular action. Because of our realization of this 
fact, considerable attention has been given in this study to the question as 
to the physiological cause of these radically bad voice qualities. 

The opposite type of voice quality, namely that manifest in strident, 
cutting, and even shrieking voices, is clearly shown in these experiments to 
be traceable to a complete constriction of the superior larynx. Its muscular 
walls, which ordinarily are retracted and lie freely at ease in order to best 
cooperate with the vibrating vocal cords immediately underneath, are seen 
to close in over the vocal lips on all sides as a tense hard-walled chimney 
of muscular areas which, superimposed as they are on the vocal lips proper, 
prevent their freedom of vibration. As a matter of fact, these red muscular 
walls above these vocal lips sometimes appear to get so tight that they may 
actually blanch. As a result of this interior laryngeal tension and nar¬ 
rowed opening above the vocal lips, the only manner in which these lips 
can be kept in vibration is by forcing them to push up through the narrow 
slit (left open between these constricted tense areas above them) as a thin 
membranous sheet on either side. These two thin membranous edges of 
the vocal lips or so-called “cords” are thus forced to clash together very 
much as cymbals do, producing a resultantly strident or clashing tone. It 
must be noted that all books on anatomy and physiology that we have 
examined would deny the possibility of this function so obviously and 
unmistakably manifest in these experiments or “vocal cord movies.” 

It has been observed in the course of this investigation, that this stridency 
of tone is also regularly accompanied by great tension in the genio-hyoid 
and mylo-hyoid muscles immediately under and behind the tip of the chin. 
This great tension can be felt with the thumb when the tone becomes so 
high-pitched as to be out of the easy range of an individual and turns into 
the strident quality which characterizes it. 

It is very obvious, therefore, that stridency of quality is in no manner 
traceable to the way in which the subject utilizes the sinus or head cavities, 
as was formerly thought to be the case. Quite the contrary. It is defi¬ 
nitely traceable to lack of properly balanced extrinsic and intrinsic laryn¬ 
geal function—to extraordinary tension of all muscles ordinarily involved 
in the production of vocal tones in which one pair must inevitably pull 
against the other; whereas all those involved in the superior fold of the 
larynx, at least, should be relaxed if strident quality is to be avoided. 

When nature is called upon to pull at cross purposes in this manner 
(which is well illustrated in the old exercise trick of clenching the fist and 
bending the elbow, meanwhile trying to pull the arm toward you and at 
the same time utilizing another set of muscles to prevent it moving in that 
direction) the resultant is well known. The time comes when nature balks 
and refuses to keep up the strain, the arm then automatically relaxes with¬ 
out the subject any longer being able to control what happens. Much the 
same thing seems to take place in the voice. After this tight constricted 



PHYSIOLOGY 


467 


' J if 

nSld for a certain length of time, the voice is likely to “break.” In 
other words, after a very short time not only the genio-hyoid and other 
larynx balancing extrinsic, but also even the muscles controlling the vocal 
lips, refuse to function any longer and the interior larynx then violently 
relaxes in much the same way the arm does, and the individual’s voice is 
noticed to give way on him entirely. To all intents and purposes, he is as 
bad off as if he had lost his voice completely, though the loss may be only 
a temporary one. If, however, he persists in using the voice under those 
circumstances, it is well known that this condition may develop into a 
typical aphonia, and the subject is able to do no more than whisper for 
days and sometimes months at a time. And in the case of singers (even 
professional artists and teachers, especially of advancing years) it is not 
uncommon for that loss to become permanent. 

Then there is another accompanying manifestation. When the two vocal 
lips are thus forced to slap each other continuously, the general resultant is 
to create considerable heat which nature apparently attempts to offset by 
pouring out substantial quantities of mucus. Or possibly the very con¬ 
striction itself will have a tendency to force out the excretion from the 
various interior laryngeal glands. At any rate, one can not continue to use 
this excessively tight or constricted voice quality for more than a few 
minutes before the throat begins to feel very tired and the voice gets husky. 
These experiments show that mucus gathers in large globules all up and 
down the vocal lips, and not only does it gather along the lips, but it gathers 
in the slit between the ventricular bands and other above mentioned 
surfaces on the interior of the tightly constricted larynx, and is thereby set 
into vibration, thus producing the familiar “rasping voice.” As is well- 
known, this also at times becomes chronic. 

One interesting development of this investigation shows that this type of 
superior laryngeal constriction may operate to accentuate particularly the 
inharmonic higher partials if it is not carried to an entirely too great or 
excessive length. What we then hear may be the typical nasal twang 
which characterizes so many people of the New England states. In other 
words, this nasal twang appears to be in no wise due to a function of the 
nasal cavities themselves, but seems to be accomplished primarily in a func¬ 
tion of the interior larynx. We have long known that a narrow stopped 
organ pipe when blown too loudly is made to squeal with this typical nasal 
quality. It seems that much the same effect is accomplished on the interior 
of the larynx by a tight constriction immediately above the vocal cords and 
along their attached peripheral edges. 

But this constricted function of the interior larynx creating the two 
above mentioned qualities may not always be carried to quite such an 
extreme. If the vocal lips are merely thinned out along their edges, thus 
likewise accentuating the higher partials in the glottal complex tone then 
produced, these experiments seem to indicate that one may obtain innumer¬ 
able gradations of what has been called the “voix-blanche,” or white voice. 
Or if you prefer to speak of it in those terms, one may accomplish what is 
1 sometimes called an excessive “singing dans le masque” effect, or what 
some have designated as a tone which is “flung too forcibly against the 
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teeth.” The experiments of the year seem to indicate quite conclusively 
that this quality is by no means accomplished through this particular func¬ 
tion of the mouth cavity or lack of function in the upper head, nasal, or 
sinus cavities. Quite the contrary. As I have just stated, the quality itself 
seems to be due to the manner in which the vocal cords are adjusted in 
order to excessively accentuate the high partials in the complex tone pro¬ 
duced by the vocal lips themselves, through tension along the outside 
laryngeal wall edge of the vocal lips and excessive thinning of their edges. 

It is very obvious therefore, why it is that the innumerable exercises 
which use “m” in combination with the various vowels such as “me, me, 
me, me,” ostensibly for the purpose of forcing the tone up into the nose 
might well fail to correct such defects and even make them worse by add¬ 
ing nasality to an already bad quality. , 

I pointed out some time ago, however (The Vowel, 0. S. U. Press, 1928), 
that vowel quality may in a substantial measure be modified by the way 
in which the vocal wedge or glottal tone itself is modified. The singing 
teacher, who makes use of an exercise in which the student is taught to 
carry over the quality manifest in one vowel to that of another, might well 
succeed in improving the student’s voice quality though the improvement 
would obviously be due to the change brought about in laryngeal produc¬ 
tion rather than in the function of the nasal cavities, as was heretofore 
thought to be the case. 

This series of experiments seems to throw decided light on two other 
moot questions. One of those has to do with what causes a hollow quality 
in the voice (another one of those terribly disturbing types of qualities 
heard in voices of those who lose their hearing), and the other with what 
causes the so-called “falsetto”? 

These vocal-cord rapid moving pictures seem to indicate conclusively 
that the hollow quality is caused by a rounding off of the edges of the vocal 
lips (cords) proper, and a wide opening between them, which is seen as an 
elliptical slit between the vocal lips, or in what has been called the “glottal 
chink.” This observation would seem to indicate that the vocal lips are 
probably relaxed, particularly in so far as the arytenovocalis muscle itself, 
or the fibers of the thyro-arytenoid muscle may be concerned. Meanwhile, 
the anterior prongs of the arytenoid cartilages appear to be well toed-in, 
and the cartilages themselves to be completely approximated, throughout 
their length, including their posterior edges. This relaxed condition natur¬ 
ally calls for a low pitch. Perhaps that is one reason why the so-called 
“hollow quality” is most commonly manifest in rather low-pitched voices. 
Its development among the hard-of-hearing is usually traceable to an audi¬ 
tory deficiency in the low-pitch range, thus making the subject proportion¬ 
ately too sensitive to the high-pitched components in a complex tone. 

It would appear, therefore, that in order to accomplish a correction, the 
subject might well be taught to raise the pitch of his voice. For if my 
interpretation of these vocal-cord moving pictures is true, it will be difficult 
to produce* a really characteristic hollow quality on high pitches, since for 
these the vocal-cord muscle appears to be tensed. 
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Again, I should perhaps point out the fact that this quality, which has 
heretofore been variously attributed to an excessive use of the nasal 
passages and to a tendency of the tongue to get in the back part of the 
throat, may rather be sought in a function of the interior larynx itself. 

The falsetto vocal-cord position is rather difficult to interpret. I suc¬ 
ceeded in getting some evidence on the question by way of still photographs 
which were published in The Vowel (0. S. U. Press, 1928). These moving- 
picture photographs in a measure confirm the previous still pictures, for 
they show a visible anterior slit between the vocal lips and a closer posterior 
approximation. It is an astounding thing that the fibers of the aryteno- 
vocalis, or thyro-arytenoid, muscle should be able to so function as to 
create a posterior approximation and anterior slit. But so far as I can 
interpret these vocal-cord moving pictures at the present time, there seems 
to be no question of doubt, whatever, but what this is the case. Below we 
will consider other possible positions. 

The difficulty encountered by nature, in making this peculiar lateral 
approximation when the fibers run posterior-anterior-wise, may well ac¬ 
count for the fact that a true falsetto has to be produced on a tone which 
is not very loud, consequently only where very low breath pressure is 
involved. When the breath pressure becomes greater, it would appear 
natural to expect that the vocal cords might be set into vibration through¬ 
out their full length and breadth. 

Those vocal artists who have developed ability to produce this tone 
softly on very high pitches, and as they pass through a scale on to lower 
pitches swell it into their perfectly normal pitch quality, probably do so by 
reason of the carefully trained coordination they have developed in these 
various interior laryngeal muscles which must operate in proper synchroni¬ 
zation to bring about such a result. It is well known that an untrained 
voice attempting to make a transition from the so-called “falsetto” to one 
of the middle register tones as he runs down the scale almost invariably 
breaks at some point in making that transition. I find it difficult to say 
whether the moving-picture experiments show that the tone is being pro¬ 
duced in the anterior portion or the posterior portion of the glottal chink so 
far as this particular subject is concerned. Since the apparent slit is mani¬ 
fest in the anterior portion, it would appear that the anterior part is 
vibrating, and the posterior approximation serves the purpose of effectively 
shortening the oscillating part of the vocal lips proper. 

I have stated above that the slit is in the anterior portion, but this state¬ 
ment is merely made for the purpose of more conveniently and understand- 
ingly discussing the manifestation without publishing herewith cuts to indi¬ 
cate the phenomenon being described. As a matter of fact, the slit often 
takes place in the center of the vocal cords, and at other times well back 
toward the posterior edge; but its varying location seems to be dependent 
upon variations in pitch. 

This is interesting, for there may be serious question as to whether a real 
falsetto is ever produced in an artist’s middle or lower “register.” Prob¬ 
ably the tone which some might call a falsetto is nothing more than a very 
softly produced normal tone. 
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The question may now arise in the mind of the reader as to wherein the 
difference lies between the falsetto and hollow quality above referred to. 
So far as I can interpret the results manifest in these experiments, that dif¬ 
ference seems to lie in the shape which the edges of the cords themselves 
take. The hollow quality is obviously more breathy and the slit between 
the vocal lips appears to be very much wider. Then, too, I have indicated 
the possibility of the vocal cords being quite relaxed during the production 
of the hollow quality, whereas during the production of the falsetto, quite 
the contrary seems to be true. The vocal cords are held carefully under 
control with normal tension, and approximated through a part of their 
length which seems to be kept in occlusion, while the balance is allowed just 
sufficient relaxation to permit of free vibration. Very low attempted pitches 
on a so-called “falsetto” (if such can at all be considered) seem to show the 
same type of approximation between the pulvinar and cartilages of Wris- 
berg, above mentioned, so it is difficult to say exactly what is happening to 
the glottal lips underneath that view-blocking, superior laryngeal constriction. 

So far as pitch change itself is concerned, there is no evidence in this 
series of experiments to show that pitch change is accomplished by any 
noticeable stretching of the vocal cords. That which has heretofore been 
interpreted as a shortening and lengthening of the vocal lips by those who 
examined them through an ordinary laryngoscope seems now to be nothing 
more than the blocking off of their view by the approximation between the 
pulvinar and cartilages of Wrisberg. The laryngoscopic view obtained by 
a physician is at best very fleeting and unsatisfactory. But in order to 
obtain it, he has to require that the subject’s tongue be pressed down flat 
in the mouth in order that an unobstructed view of the laryngeal mirror 
might be had. This is variously accomplished; some subjects are able to 
take such a position without any aid on the part of the physician, but it 
has been common practice for a tongue depressor to be used and often to 
grasp the tip of the tongue and pull it out of the mouth. It is obvious that 
no singer could sing normally under such circumstances, so what was actu¬ 
ally seen might be anything but what was taking place during normal 
phonation. It is not at all surprising therefore that such a mistaken con¬ 
clusion should have been drawn by all those who heretofore examined the 
larynx from the days of the voice teacher Garcia, the inventor of the 
laryngoscope, down to the present. 

Be that as it may, by reason of the fact that the pulvinar in its move¬ 
ment toward the cartilages of Wrisberg hides the vocal cords, any type of 
laryngeal examination which must be made from a superior position in the 
back of the throat makes it impossible to say whether the vocal cords on 
these low pitches are longer or shorter than the high pitches. 

For that reason it became necessary for us to devise a more careful X-ray 
technique which was finally successful. And I believe that for the first 
time we will be able to measure the length of the vocal cords in female 
voices where the larynx is not ossified, and in the younger male voices 
where this process has not yet begun, and make those measurements with 
a high degree of accuracy. Our X-ray negatives show these shadows very 
clearly and distinctly. But none of us can yet say whether the interpreta¬ 
tion we are placing upon the shadows justifies the conclusion that they rep- 
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resent the vocal cords themselves. It will probably be some time before 
we have completed this aspect of our study. 

Meanwhile, that does not preclude the making of very careful measure¬ 
ments of the actual length of these lips throughout the middle and higher 
registers as they appear on different frames of the vocal-cord movies. In 
many subjects the view is not blocked on these pitch ranges. That we have 
done in a general way on this series, and so far as these are concerned we 
may tentatively say that a scanning observation does not justify the con¬ 
clusion that the cords are stretched in order to produce these pitch changes. 
Consequently we must conclude that this pitch change is accomplished by a 
lateral tension within the vocal bands. 

As was above indicated, a lateral superior tension seems to be shown at 
times as coming from the muscular areas immediately above the glottal 
lips, thus bringing to bear a lateral outer damping effect upon the vocal lips 
proper. Until we are able to get a large number of experiments on promi¬ 
nent singers, it probably would be unwise to say that this manifestation is 
due to a false function of an untrained voice, or would either be, or not be, 
observable in the intrinsic laryngeal function of a well-trained singer. If 
it is not present, then we must assume power of the separate fibers of the 
thyro-arytenoid muscle to be so tense as to progressively change the amount 
of lateral area involved in vocal lip function. But we can not yet definitely 
decide any of those questions on the basis of our present knowledge. 

Throughout this discussion I have spoken of the vocal lips as vibrating. 
It would perhaps be well to qualify this statement by saying that we have 
no evidence as to whether they actually vibrate or whether they function 
to emit puffs as the buccal lips do in blowing a trumpet. It has merely 
been a convenient way of describing the functions above mentioned, and 
we have resorted thereto in preference to attempting to solve that question. 
Our present technique may make it possible to seek more light on this ques¬ 
tion. A stroboscopic study in which the eye is deceived into seeming to 
see a single view, but one which actually comes from a composite (of, say, 
100 pictures all of the open or closed phase of a 100 d.v. tone as the case 
may be) is no more reliable for such a purpose than a picture of 100 dif¬ 
ferent superimposed profiles would be in deciding whether any given one 
of those profiles had an aquiline nose or not. 

It goes without saying that we need to know how the vocal lips function 
to produce what we hear as voice. Man has been producing that voice now 
for lo these thousands of years, and it can only be said to our shame that 
we do not know as yet how it is done. It has been a moot question ever 
since the time of Dodart (1641). He assumed these little glottal lips oper¬ 
ated to produce voice by a siren-like or rather trumpetrblowihg rapidly 
oscillating puff function. Scripture and many other modern scientists still 
adhere to that theory. Ferrein in 1741 insisted they functioned like 
vibrating strings, and hence called them “vocal cords.” The fact that the 
term persists, in spite of our modem knowledge that they are anything but 
cords, gives some idea of how widespread that concept is. Until we can 
take at least a 1/100 second picture of the vocal lips in action, we can not 
say how they operate, and all basic questions dealing with voice and speech 
quality differences are dependent on this one. 



POLITICAL SCIENCE 

Cleven, N. Andrew N., London, England. Study of the constitutional 
organization of the Republic of Bolivia. 

The following is a preliminary report of my activities as Research Asso¬ 
ciate in History. The study of the political organization of Bolivia is a 
complex as well as a comprehensive one. 

The conference I had with Dr. Kidder in Boston before leaving for 
Bolivia was very helpful. It gave me an idea of the larger objective toward 
which the Carnegie Institution is working—nothing less than the prepara¬ 
tion of a complete history of man in the new world. Such a record will 
of necessity include a record of man’s activities ih all the fields of human 
endeavor. The undertaking is colossal—possibly impossible of achieve¬ 
ment, but essential to an adequate treatment of the subject—and will 
require much time. My task is to give an account of the evolution of the 
present political organization of that Republic. 

In order to perform that task it was necessary to gather data on the 
effect of the physiographic environment and of the ethnographical elements, 
of the influence of the political heritage of its own people and of the 
ideology of leaders of other countries, of the economic and social factors 
and of the international life of the country upon the development of its 
political organization. In addition to all this it was necessary to study 
the biography of the men who had played a role in this evolutionary proc¬ 
ess. A people which has already, in the course of a century, promulgated 
twelve political constitutions and is even now at work upon the thirteenth 
offers a very formidable but intriguing problem. 

My data were gathered through travel and observation. I visited and 
spent some time in all the important parts of Bolivia, except those in the 
extreme east and northeast. During my visit to Paraguay I also visited 
important parts Of the Chaco Boreal, the territory in dispute between 
Bolivia and that country. I also gleaned valuable data from interviews 
with leading personalities in the public and cultural life of the Republic. 
The data gathered and still to be gathered from documentary sources are 
of course numerous and extremely valuable. It will be observed from this 
very general sketch, that not the least important result of my labors will be 
the means I have secured for obtaining additional data. I have made many 
contacts and have correspondents in all places in which I spent any con¬ 
siderable time. 

I traveled and studied in other countries besides Bolivia, but not at the 
expense of the Carnegie Institution of Washington. I make mention of 
this because of the bearing it has upon my problem in Bolivia. Before 
coming to Bolivia I visited parts of Mexico, Guatemala, El Salvador, 
Nicaragua, Costa Rica, Panama, Colombia, Ecuador and Peru. The eternal 
struggle between the various ethnological groups for position, for power 
and for prestige has been and still is most marked in nearly all of these 
countries. It is most pronounced in the countries having the largest native 
population, as for example, Mexico, Ecuador and Peru. After leaving 
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Bolivia, I visited parts of Chile, Argentina, Uruguay, Paraguay and Brazil. 
Nor has the time spent in travel and study in Italy, Austria, England, 
Belgium and France been without its value in my study of Bolivia. 

The newspapers of Bolivia gave my mission very generous attention. 
El Diario of La Paz printed an interview upon my arrival and another on 
my impressions at the time I was to leave the Republic; it also published a 
Spanish translation of my article, written at the request of the managing 
editor, in the Pan American Magazine of Washington on The Place of 
Simon Bolivar in History. The papers of Sucre were also generous in 
their attention to the mission and its work. 


PSYCHOLOGY 

Pearson, Karl, and Henry A. Ruger, Teachers College, Columbia Univer¬ 
sity, New York, New York. Studies on the theory of surfaces. (For 
previous reports see Year Books Nos. 27 and 29.) 

The following report is submitted as the result of continued studies 
undertaken with appropriation of funds by Carnegie Corporation of New 
York to the Carnegie Institution of Washington, on Generalized Frequency 
Surface Research. 

Work on the further reduction of Sir Francis Galton’s data in respect to 
stature, sitting height, span, weight, vital capacity, stronger grip, pull and 
swiftness of blow obtained on a population of more than 7000 males and 
ranging in age from 6 to 81 years has been carried on throughout the 
current year. In a previous study corrections for age differences had 
been applied to this and other data. 

As a part of this present study, previous to the current year more than 
800 correlation tables had been set up from this age-corrected data and 
the computation of the constants of these distributions had been begun. 
The purpose was in part that of securing data for the study of the relation 
of the total population correlation surfaces (previously age-corrected) to 
the surfaces of their component age-groups. There were 28 age groups, 
terminal groups being clubbed. 

During the current year computations have been completed on the means 
of the arrays of all these distributions and on the variances of these means. 
From the variances of the means and of the individual scores, the corre¬ 
lation ratios are now being computed. Linearity conditions in the total 
and partial populations may then be studied. 

Higher product moments involving the fourth or lower powers of each 
variable have been computed in respect to arbitrary origins. These mo¬ 
ments are to be corrected so as to read from the true means. So far the 
higher moments have been computed for the total population tables only. 
Similar higher product moments will probably be computed for the partial 
populations in respect to certain at least of the trait-pairs. 



SEISMOLOGY 

REPORT OF THE ADVISORY COMMITTEE 

(For previous reports see Year Books Nos. 20-20) 

The meeting of the Advisory Committee in Seismology, held in Pasadena 
in the summer of 1929 for the specific purpose of reviewing the progress of 
its work during the eight years of its administrative responsibility, brought 
clearly into the foreground a number of rather satisfactory conclusions: 

(1) The plan which had been recommended to the Carnegie Institution 
of Washington by the Advisory Committee in 1921, and which has been 
developed as a “tentative” project under its direction since that time, has 
received the full endorsement of the group of specialists which had been 
gathered there to review in detail the work so far accomplished. 

(2) Progress during the eight years in the various directions set forth in 
the plan was also found to be satisfactory. Not only have new and 
extremely sensitive instruments been developed for recording local shocks, 
but some thousands of earth movements have already been satisfactorily 
recorded. Indeed, it was said, informally, by one of the visitors that a 
greater body of competent material for the study of such local movements 
has been gathered here than can be found elsewhere, except possibly in 
Japan. 

(3) That upon the initiative of the Committee, extensive geologic and 
topographic studies of the region have been made by cooperating agencies 
which can not fail to add greatly to our knowledge of these movements 
within the coastal earthquake zone. These agencies are national in scope 
and deserve particular mention by name: The Geological Departments of 
University of California, of California Institute of Technology, and of 
Stanford University; the U. S. Coast and Geodetic Survey, the U. S. Geolog¬ 
ical Survey and the U. S. Navy Department; and the Seismological Society 
of America. 

(4) It was also a matter of gratification to the Committee that those 
cooperating agencies have become so much interested in the program of 
studies which has been undertaken that pertinent additional work has been 
contributed by many of them in the conviction that the study of the earth 
movements of this region is of the highest importance, both from the point 
of view of geologic evolution and of human welfare. 

I think it may fairly be said that the close of the Conference held in 
Pasadena left a firm conviction in the minds of all who were present, both 
members of the Committee and distinguished guests, that the undertaking 
which has hitherto been described as “tentative” has come to deserve a 
more permanent status. 

Whether this be the logic of the situation or not, cooperation has been 
and remains of the very essence of it, and it is upon the collaboration 
between these agencies, each of which contributes a vital part, but no one 
of which .comprehends all of the activities here contemplated, that its 
future must depend. It is in this sense a particular pleasure to announce 
that the California Institute of Technology last year (1930) established a 
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chair of Geophysics and called to it the foremost of the continental seis¬ 
mologists, Professor Beno Gutenberg, who immediately joined his own 
activities to ours and made his headquarters at the Pasadena Seismological 
Laboratory. 

With the increase in the scope and permanence of our undertaking thus 
implied, together with the increased confidence bom of the outcome of our 
critical canvass of last year, the scheme of administration was altered to 
give greater opportunity for initiative to the local laboratory group. Pre¬ 
viously the Laboratory had been conducted from Washington by the Advi¬ 
sory Committee under authority of the Carnegie Institution of Washington, 
and its responsible management will continue for the present in the same 
hands, but there has this year been provided a Local Committee on Admin¬ 
istration and Program consisting of two members of the Carnegie Research 
Staff (H. 0. Wood and J. A. Anderson) and two members of the Research 
Staff of California Institute (J. P. Buwalda and Beno Gutenberg), under 
the chairmanship of the present Chairman of the Advisory Committee in 
Seismology, which will permit more frequent conference and more intimate 
oversight of laboratory and field plans than has been possible hitherto. 
This appears to be particularly desirable in view of the fact that special 
action at short notice may easily become necessary in the event of any 
considerable seismic disturbance in the region now under observation. 

With the accumulation of a great body of earthquake records for study 
and the opportunity now afforded to analyze and interpret these data in 
appropriate perspective, it was determined to make a beginning of publica¬ 
tion of the more important data registered. Beginning with the calendar 
year 1931, records of all important earthquakes, both distant and local, are 
being circulated monthly, to all observatories requesting them, under the 
following announcement which describes briefly their purpose and content: 

Earthquake investigation by the Carnegie Institution of Washington was 
begun in southern California in 1921. Instrumental registration of earth¬ 
quakes was begun with experimental apparatus in January 1923, with tem¬ 
porary installations at the office of the Mount Wilson Observatory in 
Pasadena, and a short time later at the Norman Bridge Laboratory of 
Physics at the California Institute of Technology. From 1923 until 1927 
such registration with experimental instruments was continued, with num¬ 
erous interruptions and many changes in the instrumental assemblies. 
During this interval, notwithstanding these conditions, many interesting and 
valuable records of earthquakes were secured. 

In April 1927, instrumental assemblies of more permanent design were 
installed in the present Seismological Laboratory at Pasadena, and within 
a few months thereafter the experimental recording at the temporary 
stations was discontinued. The Seismological Laboratory is maintained 
and operated by the Carnegie Institution of Washington and the California 
Institute of Technology as a cooperative undertaking. 

In October 1926, the first of the routine auxiliary stations was established 
at Riverside, California. Others were put in operation at Santa Barbara 
in May 1927; at La Jolla in May 1927; on Mount Wilson in April 1928; 
at Tinemaha and at Haiwee in September 1929. All these stations are in 
southern and southeastern California. At all of them the Seismological 
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Laboratory acts in cooperation with the local agencies named in the follow¬ 
ing Bulletin. 

The immediate purpose of this program of research is the study of local 
earthquakes—shocks originating in or near the southern California prov¬ 
ince, within a distance of about three hundred kilometers from Pasadena. 
More distant earthquakes are recorded, of course, but study of these is 
only incidental, and long-period seismometers are installed only at the 
Seismological Laboratory in Pasadena. 

These monthly bulletins will include, in general, measurements for earth¬ 
quakes which originate at distances greater than three hundred kilometers 
from Pasadena; and for nearer shocks of sufficient energy to be registered 
at stations beyond the local group. In selecting shocks for report, no hard 
and fast line will be drawn. 

A complete report including the numerous smhll shocks recorded only at 
one or more of the stations of the local group is neither feasible nor desirable 
in these bulletins. 

With the advent of this calendar year the studies which have been in 
progress upon the data accumulated at the Seismological Laboratory and 
its associated stations began to yield fruitful results, and at the close of 
this Report will be found listed a number of publications of the scientific 
results of these studies. 

It is also a pleasure to record briefly in these introductory paragraphs 
the effective, even if not necessarily the final, solution of two problems 
which have been on our calendar from the beginning: 

(1) A satisfactory vertical-component seismometer of short period has 
been successfully developed by Mr. Benioff of the Laboratory Staff and 
is now being added to the equipment of all of the stations included in our 
group. It happens also that this instrument is perhaps equally effective for 
long-period registration (distant earthquakes) and one instrument of this 
type is already on the way to Huancayo, Peru, to serve this purpose at 
the station of the Department of Terrestrial Magnetism of the Carnegie 
Institution. 

(2) The technique of time registration for the earthquake records appears 
now to have been developed to a satisfactory point. 

Further and more complete details of both of these accomplishments will 
be found in the Report of Mr. Wood in the following pages. 

PROGRESS DURING THE YEAR IN THE APPLICATION OP GEODETIC METHODS 
IN TESTING THE STABILITY OP THE EARTH'S SURFACE’ 

Officials of the Coast and Geodetic Survey have continued, during the 
past year, to apply geodetic methods in the attack on the problems of earth 
movement in the state of California. This work included a new arc of 
detailed triangulation of high precision extending inland for 35 miles from 
the California coast near Point Pinos and some 145 miles of first-order 
control leveling in or near the Imperial Valley to discover any vertical 
displacements which may have been caused by recent earthquakes in that 
region. 

The triangulation extending from the coast near Monterey Bay has been 
tied into the first-order triangulation arc extending along the coast of 

1 From information furnished by Major William Bowie, Chief of the Division of Geodesy, 
U. S. Coast and Geodetie Surrey. 
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California; therefore strong geographic positions are available for the sta¬ 
tions of the arc. The chief of party who executed this arc of tr ia ngulation 
was Mr. George L. Bean, one of the field engineers of the Coast and Geodetic 
Survey, who was assisted in the selection of the stations by Profesor J. P. 
Buwalda of the California Institute of Technology, a member of this 
Committee. 

The lines joining the stations of this special arc form a very intricate 
pattern. There is overlapping of triangles and composite figures resulting 
from the framework of triangular elements which locate the many supple¬ 
mental stations. The computation and adjustment of the observations for 
this triangulation have not been made at the time of writing this report 
(August 1931), but it is understood that the work will be finished in the 
very near future. 

The releveling in the Imperial Valley was decided on after recent changes 
of level in the Salton Sea had been locally attributed to the earthquakes 
which have occurred in the Imperial Valley near El Centro during the last 
two years. This possibility had been foreseen by the Seismological Labor¬ 
atory at Pasadena, and at the suggestion of this Committee a line of levels 
had been run east and west through El Centro, as a part of the general 
leveling net of the Coast and Geodetic Survey and a continuation of it had 
been extended northward from El Centro to Colton. These levels were 
established in the field season of 1927-8. 

The releveling was begun by Mr. Charles Pierce, field engineer of the 
Coast and Geodetic Survey, and was completed by Mr. E. E. Stohsner, 
another member of the field force of that bureau. They were instructed 
to run these levels between existing bench marks and to depend on a single 
line of levels only, unless the differences between the elevations resulting 
from the first work and the new work should be more than a prescribed 
amount. When that amount was exceeded, a second line of re-running was 
to be carried out. About 50 per cent of the lines involved were thus checked 
with control measurements. 

It was found that, in general, the difference in elevation between two 
bench marks of the earlier leveling, which had been executed in 1927 and 
1928, and the leveling of 1931, was comparatively small, in fact such as 
one might expect from the usual accidental errors of leveling, except at 
three places, all comparatively near El Centro, where the differences in 
elevation between the old and the new values indicated clearly that some 
earth movement had occurred. A profile showing the differences between 
the early and the later leveling has been furnished to the Chairman of this 
Committee with the purpose of discovering the relationship between the 
sources of the earthquakes (epicenters) recorded at the Pasadena Labora¬ 
tory and associated stations, and the actual ground displacements thus 
established by precise leveling. These relations are now being studied. 
The displacements revealed by the leveling fall as follows: (1) A short 
distance south of the town of Niland (the San Andreas fault passes north¬ 
west to southeast ju6t north of Niland). (2) Just south of Brawley; of this 
dislocation Mr. Wood says “No faulting is actually known along this line—• 
[Brawley to Holtville]. However, underground water conditions near 
Brawley suggest the possibility of such faulting. To the east of Brawley 
there are wells which reach water at no great depth. To the west no water 
is encountered down to two or three thousand feet.” (3) A much smaller 
displacement—on the southward continuation of the active Elsinore fault. 
It is noteworthy that the information obtained from the location of earth- 
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quake epicenters in the Imperial Valley and the results of the releveling 
can thus be used to supplement each other so effectively. 

A conference between the Chairman of the Advisory Committee in Seis¬ 
mology of the Carnegie Institution, the Director of the U. S. Coast and 
Geodetic Survey and the Chief of the Division of Geodesy of the latter 
organization resulted in outlining a plan for the coming year. The plan 
calls for detailed triangulation along the arc in latitude approximately 35°. 
As a matter of fact, this detailed triangulation will run along the 35th 
parallel arc of first-order triangulation, which was executed by engineers 
of the Coast and Geodetic Survey a few years ago. The lines of first-order 
arc will be used to tie in any supplemental stations which will be located in 
areas critical from the seismological point of view. The actual selection of 
points will be left to the Chief of the Division of Geodesy and to Dr. 
Buwalda of this Committee. , 

The President of the United States materially increased the appropria¬ 
tion for the geodetic work of the Coast and Geodetic Survey beginning with 
July 1, 1930, in consequence of which, during the past fiscal year, nearly 
3000 miles of first-order triangulation arcs have been executed and nearly 
6000 miles of first-order levels. If this rate of progress is continued, the 
first and second-order triangulation and leveling nets of the country will 
be completed in about eleven years, and there will be accurately determined 
geographic positions and elevations within about 25 miles of any place in 
the country. With lines of levels and arcs of triangulation so closely 
spaced, it is reasonably certain that no major earthquake can occur without 
finding triangulation and leveling stations near the fault zone. New obser¬ 
vations in the field can then be used to determine how much movement 
has occurred at the time of the earthquake and how far from the fault line 
movement has extended. 

WORK OF THE SEISMOLOGICAL LABORATORY' 

During the year under report, the work of this program has gone forward 
steadily with substantial accomplishment in the accumulation of competent 
data, much accelerated and enhanced by reason of additional instrumental 
equipment mentioned below, and with reasonable progress in matters of 
interpretation and synthesis. 

Early in October 1930, Dr. Beno Guetenberg, formerly of Darmstadt, 
Germany, whose outstanding work in seismology is well known, joined the 
faculty of the California Institute of Technology as Professor of Geophysics. 
Since his arrival in Pasadena he has been closely associated with the work 
of the Seismological Laboratory, where he has Ids chief office and working 
quarters. 

With seven seismologic stations now in regular operation, the necessary 
work of inspection and adjustment with the occasional small changes 
required for improvement or repairs, together with the daily work of 
developing and processing the photographic record sheets, the ordinary 
routine of measuring the many earthquakes recorded upon them and the 
cataloging and filing of the data thus obtained, occupies a major part of the 
time and energy available. Nevertheless, it is a pleasure to record that 
all arrears in the routine measurement of shocks, including aftershocks in 
great numbers, have now been cleared away. Except for current seismo¬ 
grams just received, routine measurement is completely up to date. There 
now exists a complete card file of all recognized shocks since the beginning 

1 Extracted from the Report of H. O. Wood, Research Associate in Seismology. 
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of registration in 1923; this is supplemented by a day book which gives the 
data in condensed form since October 1926. A daily record of the period 
and recorded amplitude of microseisms at Pasadena is also being kept. 

Since the statistical assemblage of data must await the completion of 
measurements for the latter part of June 1931, data are given here for the 
eleven months, July 1930 to May 1931, inclusive. During this eleven- 
month interval a few more than 800 local disturbances have been registered, 
of which, however, 40 or more are of doubtful nature for one reason or 
another. Many of these were not recorded definitely enough to allow 
determination of their place of origin, but many others were. 

Recognising that the centroid of the locus of origin of one earthq uake 
can never, or hardly ever, be the same as that of another earthquake, it yet 
appears to be a fact that in many cases these centroids, or hypocenters, 
cluster so closely together that it is difficult to discriminate between them, 
that, indeed, our methods are not precise enough to allow of such discrimi¬ 
nation. In other cases a single shock has occurred entirely unassociated, 
as yet, with any other shock. There are a few intermediate cases. It must 
also be pointed out that some epicenters, or epicentral tracts, arc more pre¬ 
cisely located than others, that is, that the limits of error in fixing the 
position are less in some instances than in others; further, the limits of size 
of some epicentral tracts are larger than those of others. Recognizing these 
limitations which are expected to be reduced as more and better data are 
obtained, a few more than 100 of the epicentral tracts recognized prior to 
the year under report appear to have been, the sources of one or more of 
the shocks of this eleven-month interval, while 26 (or perhaps 29) new 
epicenters or epicentral tracts have come to light. 

Unexpectedly, there are now definitely located on the Mojave desert in 
the area limited by the Garlock-Leach Trough fault on the north and by 
the San Andreas fault and the San Bernardino Mountain block on the south, 
a considerable number of epicenters and epicentral tracts within an area 
which has been considered by many to be relatively stable. These locations 
are among the best yet made, thanks to the stations situated in Owens 
Valley. 

Of the local disturbances mentioned above, some 38 appear to have been 
felt in one place or another; 15 of these were felt in places to the north well 
beyond the area under immediate consideration in this program. Of these 
a shock at 4 h 40 m p.m. on August 30, 1930, which did a small amount of 
minor damage, was felt over a considerable area centered about a point 
in the ocean a few miles to the west and north of Santa Monica. A detailed 
study of this shock has been undertaken and the results will be published 
in due course. A lesser shock at iO b 28 m a.m. on April 24,1931, approached 
damage-producing intensity near Redondo. A shock on April 23, 1931, 
was reported felt in the very thinly settled region near Searles Lake. Also 
a small shock was felt on April 29, 1931, in the vicinity of Chatsworth and 
San Fernando. 

The two most striking features of the map of epicenters, which will .soon 
be subjected to the test of revision on the basis of new transmission-time 
curves prepared by Dr. B. Gutenberg, continue to be (1) the contrast 
between the indicated activity of the San Jacinto fault, and the apparent 
inactivity of the segment of the San Andreas fault which lies nearest to 
Pasadena; and (2) the vigorous activity of a number of well-located sources 
in the Mojave desert alluded to above. 
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Teleseisms are now recorded and studied in greater detail than previously. 
During the eleven-month interval 198 shocks of teleseismic nature were 
registered, though many of these were so distant or so weak that the 
records exhibit small amplitude and present few well-marked phases. Of 
these there were 17 in July 1930, 16 in August, 13 in September, 16 in 
October, 13 in November, 11 in December, 23 in January 1931, 24 in 
February, 28 in March, 21 in April and 16 in May. 

Attention may be directed to the three strong Mexican shocks of Janu¬ 
ary 2,15 and 17,1931, and the New Zealand shocks of February 2 and 13. 
A strong shock off Sumatra on February 10 gave a beautifully detailed 
record with the new long-period vertical-component instrument (discussed 
below) at the unusually large distance of 133°. 

On February 20 and April 3 occurred two large earthquakes of the “deep- 
focus” type, the records of which exhibit many interesting and as yet 
unexplained details. 

Beginning with January 1931, there was inaugurated a mimeographed 
monthly bulletin giving in the standard international form measurements 
of the teleseismic shocks registered at the Seismological Laboratory and 
at the auxiliary stations. The stronger local shocks, which are possibly 
registerable elsewhere, are included among the teleseisms in these bulletins. 
These are now prepared and issued regularly. They are sent to more than 
250 addresses in all parts of the world. A printed sheet giving the station 
and instrumental constants, and other necessary information, prefaces each 
monthly issue. Also, in the case of the first few issues, a printed sheet of 
explanatory comment has been included. 

Telegraphic reports on teleseisms are now sent regularly to Science Ser¬ 
vice, Washington, D. C., which organization makes them available to the 
U. S. Coast and Geodetic Survey; also by courtesy of Science Service reports 
are sent direct to the Jesuit Seismological Association headquarters at 
Saint Louis. 

Monthly lists of local shocks are sent to the Field Inspector, U. S. Coast 
and Geodetic Survey, San Francisco, and to some others. In the prepa¬ 
ration of these telegraphic reports, and of press notices in cooperation with 
the local offices of the Associated Press and the International News Ser¬ 
vice, which organizations in turn have furnished much information to us, 
records written by the visible-writing seismograph have been of much use. 

DEVELOPMENT AND EXPERIMENTAL WORK> 

The recording at each station of the time-marks of the station clock 
in close parallelism with the dot-and-dash radiotelegraphic signals sent in 
ordinary course by a powerful transmitting station has abundantly justified 
the employment of this method of “synchronizing” the station clocks. It is 
affected, nevertheless, by drawbacks and difficulties, some of which have 
been set forth previously. In addition the radio-receiving apparatus em¬ 
ployed for this purpose is required to function automatically, continuously 
and with enough power to operate a relay. Further, it must so operate day 
in and day out for long intervals without attention. Daily attendants 
at the stations are not qualified to adjust or retune these receivers. Expert 
attention is necessary whenever adjustments must be made. Consequently 
the demands made upon these receivers are well beyond those ordinarily 
made of such apparatus. It is not surprising in these circumstances that 

1 Mr. Hugo Benioff and Dr. Sinclair Smith. 
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in some cases relatively frequent adjustment has been desirable to secure 
legibility of the time-synchronization record. Further experimental devel¬ 
opment of receiving assemblies for this purpose is required to secure 
improvement in reliability and constancy. This is necessary both for the 
reception of dot-and-dash signals as at present, and for the automatic 
reception of more frequent precise time-signals which, it is expected, will 
be distributed in the future. 

For some time past the time-marks at Pasadena have been made by an 
electrically wound Sangamo clock with a spring-drive and a watch-type 
escapement. As the year comes to an end we have installed similar San¬ 
gamo clocks at La Jolla, Riverside and Santa Barbara and shall soon do 
so at Tinemaha and Haiwee. These clocks have been equipped to make 
minute and hour contacts. They are not of precision quality, but they 
are unusually excellent ordinary clocks. In ordinary household use they 
are “guaranteed” to keep within 30 seconds a week. With the temperature- 
control housing which we have provided they should do much better, and 
in fact we have so far found them to have steady rates. They have the 
advantage over pendulum clocks that they will not be stopped or seriously 
affected by the occurrence of moderate to strong shocks. Taken in con¬ 
junction with the radio-telegraphic dot-and-dash signals used for “syn¬ 
chronization” they will provide much improved time-service throughout 
our system, pending the time when a truly adequate time service can be 
provided in some way. 

The system for rotating the recording drums used at the Seismological 
Laboratory differs from the ten-cycle quarter-phase motor system in use 
at all the auxiliary stations. This, the 60-cycle controlled motor-generator 
system, has been described in a previous report. During the present year 
it has been improved in minor ways. It now operates in a most satisfactory. 
way continuously and with great regularity for long intervals without 
attention. 

Work on the electromagnetic vertical-component seismometer mentioned 
in the two previous reports has been continued and has led to the design 
and construction of an instrument having many useful properties. In 
order to secure stability against the force of magnetic attraction in the 
variable-reluctance gap of the sensitive element, the mass of the inertia- 
reactor has been increased to 100 kilograms and the free period, undamped, 
has been increased to 0.5 second. This instrument was designed especially 
to register waves of short period which occur in local earthquakes. But 
it has been found that this seismograph also acts as an excellent recorder 
for distant shocks when a suitable choice of galvanometer and coil constants 
is made. When thus arranged for teleseismic recording this instrument 
possesses properties different from those of other vertical-component instru¬ 
ments hitherto developed and used, and in certain respects it appears to be 
superior to its predecessors. The short free period of the pendulum-system, 
with the consequent small extension of the supporting spring under the force 
of gravity, results in a conspicuous diminution, amounting in the practical 
sense to an elimination, of changes in extension due to the usual temperature 
variations encountered and of elastic flow or yield, which effects have often 
proved very troublesome in other types of vertical-component instruments. 
Further, the short free period of the pendulum member, together with other 
features in the design of the assembly as a whole make it very simple 
to set up and adjust. In still another respect, too, the instrument possesses 
an apparent advantage over previous types. Its response curve shows 
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high to very high magnification for short- to very short-period waves, while 
it falls off relatively quickly to low magnification for long-period waves. 
While such a response is a distortion of the motion of the cause, it happens 
that it registers unusually well the short waves in the P-phase of teleseisms 
and thus brings out these important phases more definitely and clearly 
than instruments which have a lower and less sharply varying magnifica¬ 
tion curve. At the same time the longer waves are written with smaller 
relative amplitudes and so they do not exhibit the very large departures 
from the aero-line usually seen on the seismograms of great earthquakes. 
Such a form of response affords advantage in the recognition and measure¬ 
ment of phase-beginnings, which at present is perhaps the most important 
information yielded by the seismogram. If a chief purpose were to reduce 
the absolute earth-amplitude from the record, such a rapidly varying 
magnification curve would theoretically be disadvantageous, but even in 
this case, since there is no constant or rectilinear magnification with any 
instrument, such a disadvantage is theoretical rather than practical at the 
present time. 

If, in the vertical-component instrument, the seismometer coil is con¬ 
structed with low resistance properties such that the galvanometer becomes 
greatly overdamped, the assembly is very well adapted to the registration 
of the short waves of nearby earthquakes. When arranged in this way the 
response curve is very nearly the same as that of a simple pendulum with 
period of 0.5 second. 

A third arrangement makes use of a short-period galvanometer (T g =0.2 
second) which has a double suspension. This, together with the short 
period of the system, renders the assembly very rugged, and thus better 
able to withstand vigorous earthquakes. Arranged in this way the appa¬ 
ratus exhibits very great sensitiveness in responding to the short-period 
waves which occur in local earthquakes. 

Further, two galvanometers of the same, or of different, character¬ 
istics may be operated from a single vertical-component inertia-mass 
of this type, giving, in effect, two similar, or different, vertical-component 
seismometers. 

The increased magnification afforded by these vertical-component instru¬ 
ments, both for far and near shocks, has led to the recognition of many 
recorded disturbances which otherwise would have been classed as doubtful. 
A considerable number of these are teleseisms of which only the P-phase 
is recorded. In some cases it is known, and in other (but not all) cases 
it is strongly suspected, that these shocks are of the type whose peculiarities 
have been referred by Turner and Wadati to abnormally deep foci (depths 
of the order of 800 kilometers). 

The routine use of these vertical instruments at Pasadena has added 
appreciably to recognition of the several types of wave-trains, both in near 
and far shocks. The very high magnification used with the short-period 
vertical-component assembly, about 5000 times, has afforded valuable detail 
in the case of the smaller local shocks. At the same time there has not 
been so large an increase in their number as might be expected from the 
use of this high magnification. Increase of magnification will not neces¬ 
sarily bring to light more and more true earthquakes. 

The Social characteristics of the vertical-component instrument when 
used with a long-period galvanometer have proved especially valuable in 
the study and interpretation of the records of the more distant teleseisms. 
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The Light Socbce 

Experience has shown that if the intensity of the recording light is so 
adjusted as to be serviceable for the numerous smaller shocks, then for 
short-period local shocks in which the recorded amplitudes are greater 
than one to two centimeters, the recording light-point moves over the paper 
too fast to make a satisfactory exposure, sometimes too fast to make 
any developable exposure at all. Consequently an automatic switching 
device has been developed to increase the brilliancy of the recor ding lamps 
during the brief interval of more vigorous motion. The object of this device 
is to switch on greater power (to increase the applied voltage) to the 
recording lamps automatically when the velocity of the recording point 
exceeds a predetermined value, and to switch it off again when the velocity 
falls below this value. The instrument consists of a vertical-component 
seismometer device, similar to the one just described, but with the coils 
connected to a vacuum-tube amplifier instead of a galvanometer. When 
sufficiently excited, the output from the amplifier operates a relay which 
increases the voltage to the recording lamps. A single inertia-element can 
operate both as a seismometer with a galvanometer circuit, and as an 
illumination intensifier, with the amplifier circuit. 

Otheh Seismometer Assemblies 

A seismograph conceived on a fundamentally new principle has been 
developed to which the name “wave seismometer” has been given. This 
instrument consists of a horizontal rod, fastened rigidly at one end to a 
pier. It is approximately twenty meters long, in actual practice an iron 
pipe, supported at several places by 120° three-way rod supports, in prac¬ 
tice bicycle spokes, to maintain horizontality and to minimize transverse - 
flexure or vibration. Near the free end is erected another pier which sup¬ 
ports an electro-magnetic micrometer, similar to the device used with the 
vertical-component seismometer described above, which when operated 
serves to actuate a galvanometer and thus to record relative motion between 
the free end of the rod and the nearby pier. The response of the instru¬ 
ment depends upon the difference of phase of the motion of the ground at 
the separated points, e.g., the piers, due to the passage of a seismic wave 
between them. The free period of the rod itself is very short when it 
vibrates elastically in the direction of its length, 1/70 second in this instru¬ 
ment. This device is thought to be particularly adapted to the recording 
of local earthquakes and especially their very high frequency components. 

Considerable time was devoted to further experiments with and improve¬ 
ments upon the air-damped torsion seismometer of moderately long period. 
This was finally made to operate satisfactorily and to yield records com¬ 
parable with, and in some respect superior to, those of other horizontal- 
pendulum instruments of similar free period. 

The strong-motion instrument was completed and installed. With this 
installation the recording drum is in operation at all times but the record 
sheet remains unexposed except when a shock occurs strong enough to bring 
into operation the device for increasing the brilliancy of the recording lamp 
from a dull red incapable of affecting the photographic paper to an unusu¬ 
ally high brilliancy. Thus all but the very first 0.1-second or so of motion 
will be recorded (unless the shock is too strong for even this relatively 
insensitive instrument of low magnification). This arrangement obviates 
the uncertainty of a shutter, eliminates the necessity of burning a recording 
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lamp at high brilliancy all the time, and minimizes the amount of record- 
ing paper required for continuous operation. 

The remote-action visible-writing seismograph described in the previous 
report was completed and has been in regular operation for many months, 
with very brief interruptions for cleaning, etc., and has provided many 
early reports for telegraphic dissemination. Further than this, it is more 
nearly an instrument of precision than was anticipated when its construc¬ 
tion was undertaken. 

There has also been designed a “seismic frequency meter,” consisting 
of ten undamped torsion-suspension horizontal pendulums ranging in period 
from 0.1 second to 2 seconds, with the ratio of the periods for adjacent 
pendulums equal to 1.395, i.e., the period of suspension No. n is equal to 
1.395 times the period of suspension No. (n-1). This instrument is arranged 
so that all ten pendulums will record on one slowly moving record sheet. 
Selective resonance response is anticipated, tending to pick out and empha¬ 
size the predominating periods or frequencies in the vibratory earth motion. 
This instrument is in an advanced stage of construction, but is not yet 
ready for testing. 

The leaning-pendulum intensity-meter devised by Dr. J. A. Anderson 
has been further developed so as to introduce an electric relay action which, 
it is expected, will overcome the tendency to stick, encountered in the 
strictly mechanical model, on account of dust, moisture, rust, etc. Since 
to be useful for the purpose intended it must be possible to manufacture 
this device at low cost further development is required. 

The hydraulic, or hydrostatic, seismometer devised by Dr. J. A. Anderson 
has been developed further, but for lack of pier space it has not yet been 
subjected to test. 

A larger scale device of similar principle has lately been put in operation 
by the Pasadena Water Department to detect and measure earth shocks 
and the pressures against the upstream face of a dam during an earth¬ 
quake. This work has been undertaken independently of our program, 
but it will probably be permissible to report upon its results at a later time. 

PUBLICATIONS 

During the year study of blasts in Southern California was brought to a 
term and a paper entitled A Study of Blasting Recorded in Southern Cali¬ 
fornia, by Harry 0. Wood and Charles F. Richter, was published in the 
Bulletin of the Seismological Society of America, vol. 21, No. 1, March 1931. 

The mildly destructive earthquake on July 8, 1929, and numerous after¬ 
shocks, with sundry associated shocks of prior occurrence was made the 
subject of prolonged study. As an outcome a paper entitled Recent Earth¬ 
quakes near Whittier, California, by Harry 0. Wood and Charles F. 
Richter, was written and submitted for publication in the Bulletin of the 
Seismological Society of America. 

The occurrence of three strong shocks in the Mexican province du ring 
January 1931, well recorded at our stations, afforded an exceptional oppor¬ 
tunity for the study of wave-propagation at epicentral distances ranging 
from 10° to 25°. The results of this study are given in a paper entitled 
On Supposed Discontinuities in the Mantle of the Earth, by Beno Gutenberg 
and Charles F. Richter, which has been submitted for publication in the 
Bulletin of the Seismological Society of America. 
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A note entitled Pseudoseisms Caused by Abnormal Audibility of Gunfire 
in California, by Beno Gutenberg and Charles F. Richter, has been sub¬ 
mitted for publication in Beitrage zur Geophysik. 

A paper entitled An Electromagnetic Vertical-C omponent Seismograph 
of New Form and another entitled A Wave Seismograph, both by Hugo 
Benioff, have been completed as the year comes to an end. These will 
shortly be submitted for publication in an appropriate place. 

A paper On the Operating Frequency of Regenerative Oscillatory 
Systems, by Hugo Benioff, will appear in the July 1931, number of the 
Proceedings of the Institute of Radio Engineers. 

A paper entitled Microseisms in North America, by Beno Gutenberg, was 
published in Bulletin of the Seismological Society of America, vol. 21, No. 1, 
March 1931. 

Also a paper entitled Travel Time Curves at Small Distances and Wave 
Velocities in Southern California, by Beno Gutenberg, has been completed 
and will shortly be submitted for publication. 

As in every previous year it is once more a pleasure to acknowledge the 
continued helpful cooperation of Dr. J. A. Anderson in our experimental 
and development work. 

Our thanks are due to Professor P. S. Epstein of the California Institute 
of Technology for his interest in the theory of the '‘wave” seismograph 
which led to a paper entitled The Propagation of Waves in Rods, presented 
by Dr. Epstein at a meeting of the Seismological Society of America on 
June 17, 1931. 

RECOMMENDATIONS 

It is recommended that provision be continued: 

(1) For the further study of minute-to-minute time signals for simulta¬ 
neous record at all of the stations. 

(2) For further experimental work in the study of cumulative stresses 
(tilt mechanism). 

(3) For two more branch stations at appropriate points to be selected. 

J. A. Andehson 
Ralph Abnold 
J. P. Buwalda 
W. W. Campbell 
Abthvr L. Day, Chairman 
A. C. Lawson 
R. A. Millikan 
Habby Fielding Reid 
Bailey Willis 

Advisory Committee in Seismology 
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Willis, Bailey, Stanford University, California. Comparative studies of 
earthquake habits. (For previous report see Year Book No. 29.) 

Continuing the prosecution of studies in comparative seismology, under a 
grant authorized by the Carnegie Corporation of New York, Dr. Willis 
spent seven months in 1929 in equatorial Africa, as has already been 
reported. He returned to Stanford University in March 1930, and has 
since been engaged in the analysis of the very large body of facts accumu¬ 
lated during the field work. 

As regards seismology it had appeared from Dr. Willis’s studies in Cali¬ 
fornia, Chile, Japan and New Zealand that major tectonic earthquakes 
occur chiefly, if not exclusively, in regions where the earth’s crust is under 
compressive stress. The Rift Valley region in Africa is known as one 
of high seismicity, but is regarded by certain geologists as an area of 
tension in the earth’s crust. Dr. Willis agrees with this view so far as it 
concerns the Eastern Rift, but finds that the Western Rift has resulted 
from compression. It is therefore significant that the latter is the source 
of heavier shocks, even to such a degree that it is classified as a focus of 
world shaking shocks, whereas the Eastern Rift is placed in the next lower 
grade of areas where shocks are frequent and only occasionally destructive. 
(See map in Erdbebenkunde by A. Sieberg.) 

Living Africa, a narrative of the African trip accompanied by an outline 
of the scientific observations, was published in November 1930, and has 
been the subject of favorable comment in English as well as in American 
reviews. Its reception by African geologists, who had assisted the expedi¬ 
tion, and also by officials, including Governor Cameron of Tanganyika Ter¬ 
ritory, has been gratifying. 

In preparation for the monograph on African Plateaus and Rift Valleys, 
which is to contain the scientific results of the research and will be offered 
for publication as one of the contributions to comparative seismology, 
advances have been made during the year along two principal lines. The 
first deals with the history of the African landscape during the last 150 
million years, that is with the changes of the topography in consequence 
of the movements of the continent and the activity of erosion since middle 
Mesozoic time. This line of research comes under the general subject of 
Physiography. It recognizes a succession of landscapes, each one char¬ 
acterized by features that can still be seen and which may be interpreted 
in terms of the conditions of level and of climate that produced it. Among 
those features the Rift valleys are some of the youngest, and it is neces¬ 
sary to trace the preceding changes of level in the continent by means of 
the physiography in order to understand the antecedents of those valleys. 

It is found that about 200,000,000 to 150,000,000 years ago East Africa 
was a featureless plain, lying at no great altitude above sea. The Congo 
River then gathered its waters not only from its present watershed, but 
also from slopes east of Lake Victoria, which now drain into that lake 
and so to the Nile. The Nile had not then gained any of its actual head¬ 
waters'and was a comparatively small stream, if indeed it existed except 
as the runoff from Abyssinia. During the many millions of years when 
East Africa was a low plain the processes of rock decay penetrated deeply 
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afid the decayed rock or saprolite, as it is called, remained in place, man¬ 
tling the fresh rock beneath it. Remnants of the mantle still remain 
uneroded in various parts of Tanganyika territory, but in general the 
decayed rock has been washed or blown away and the underlying, almost 
plain surface of the hard, undecomposed rock has been exposed in conse¬ 
quence of the elevation of the continent. It formerly was at the bottom 
of the rockmass which was penetrated and decomposed by atmospheric 
waters and was below sea-level. It is now elevated to altitudes that range 
from 2000 to 10,000 feet above sea. Thus the elucidation of this physio¬ 
graphic feature of the high plateaus yields proof of vertical movements of 
the continent, a significant effect of the forces acting upon it, in part before, 
in part during the development of the Rifts. 

The interpretation of the physiography was worked out during the latter 
part of 1930 and written up with discussion of the pertinent facts and 
citation of the views of other investigators. In that form it was submitted 
to Professor W. M. Davis and Professor Douglas W. Johnson for critical 
comment. It is now being revised in the light of their suggestions, but 
without material change in conclusions. 

The other line of investigation to which attention has been directed 
relates to the origin of the forces which have been active in elevating the 
continent and producing the rifts and volcanos. According to the general 
hypothesis that is favorably entertained, heat is the active agent that 
stimulates the rockmasses to change their forms and to heave the surface, 
so as to produce plateaus and rifts or to appear as molten lavas. The 
source of the heat is a first object of inquiry. Three sources are regarded 
as possible: internal heat of the globe due to its self-compression, mechan¬ 
ical energy of compression and also of shearing transformed into heat by 
friction, and radioactivity. 

The last named, radioactivity, has received a great deal of attention 
from English geophysicists and they have built certain far-reaching 
hypotheses upon assumptions relating to the distribution and power of 
radioactive minerals. It became necessary to examine these hypotheses 
critically and to test them by a study of crucial facts. The subject lies in 
large measure in the realm of physics and in that direction Dr. Willis 
sought the aid of his colleagues in the Geophysical Laboratory, Dr. Arthur 
L. Day, Dr. N. L. Bowen and Dr. L. H. Adams. He has also corresponded 
with Professor Arthur Holmes of Durham University, England, one of the 
foremost students of radioactivity. 

The general conclusion from this study is that those theories of the earth’s 
thermal history which postulate a former uniform distribution of radio¬ 
active minerals in homogeneous shells of the globe are artificial and having 
no relation to the facts of the case are not credible. This conclusion applies 
to the current theories put forward by Professors Holmes and Joly, the 
English geophysicists. On the other hand there is good reason to recognise 
the effectiveness of radioactive minerals as sources of heat at those foci 
where they may be concentrated and such concentrations are regarded as 
one cause, if not the prime cause of local high temperatures in the earth, 
provided that the heat does not escape by conduction or eruption. This 
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conclusion finds s direct application to the explanation of the Rift valleys 
and their attendant volcanic phenomena. 

Two articles have been prepared, one on the Physiography of East Africa 
and the other on Radioactivity and Theorising. 

While the effort is thus being made to establish a broad and sound basis 
of theory regarding continental genesis and continental dynamics for the 
interpretation of the Rift valleys, the desirability of a clear statement of 
facts is constantly in mind. 

Furthermore, it is most appropriate that we should continue to recognize 
the generous attitude assumed by Directors Way land and Teale of the 
Uganda and Tanganyika Geological Surveys, respectively, toward the expe¬ 
dition and that great reserve should be exercised in cases where their claims 
to priority or those of their colleagues might' affect the investigation or 
publication. To that end Dr. Willis is in correspondence with these and 
other colleagues, and there is free interchange of views and memoranda. 

As an illustration of the international relations which the work in com¬ 
parative seismology develops it is of interest to note an inquiry recently 
addressed by Professor J. W. Gregory to Dr. Willis in regard to the geology 
of the island of Cyprus. It appears that the British Admiralty have recently 
discovered a remarkable cliff in the sea-floor off Salamis and that the 
break was tentatively attributed to the earthquake which destroyed that 
city in 26 b.c. or to others on the same fault. Professor Gregory, being 
appealed to for information, sought an account of the geologic structure 
of the island and came upon a manuscript report made in 1927 by Dr. Willis 
to Governor Sir Ronald Storrs, which gave the data required. Permission 
to use the manuscript was requested and, of course, gladly given and Pro¬ 
fessor Gregory has also been furnished with a copy of the article Earth¬ 
quakes in the Holy Land, 1 which contains a map showing the earthquake 
fault that passes through Cyprus and Antioch in Syria. 

1 Bailey Willi®, Bull. Seismological Society of America, vol. 18, 1928. 



INDEX 


Abetti, Giorgio, Solar Observations, 175, 191 

Abrett, Don Salustino, 132 

Abscissa Scale, 286 

Absolute Magnitudes, 199, 211 

Adams, Edward F., Solar Observations, 174 

Adams, Frederick, 408 

Adams, L. H., vi, 487 

Magnetic Inversion Point in Iron, 352 
Publications by, 82, 86, 91, 92,100, 282 
Adams, Walter S., vn, 176, 304 

Lunar Observations, 179,196, 456 
Observations of Moon’s Surface, 457 
Publications by, 85, 88 
Report of Mount Wilson Observatory, 171 
Solar Observations, 178, 190, 191, 193 
Stellar Spectroscopy, 173, 181, 182, 206, 209 
Adelaide, University of, 225, 231 
Aerological Researches in Greenland, 429 
Africa, Cooperative Survey of, 300 
Agassis, Alexander, v, x 

Agri-Meteorological Laboratory at Sudkum, 307 
Alaska Agricultural College and School of Mines, 
315 

Albany Catalogue, 9, 167 
Albrecht, Sebastian, vi, 169 
Publication by, 35 
Allen, Edgar, Publication by, 25 
Allen, Eugene T., vi 

Ferrous Sulfide Crystals, 85 
Allen, Ezra, Study of Human Egg, 7 
Publication by, 47 
Allen, F. K., 313 
Allen, Glover, 130 
Alligator, Ductless Glands of, 33 
Alouatta, Conditions in, 20 
Alpine Laboratory, 240 

American Academy of Teachers of Singing, 403 
American Association for Advancement of Science, 
172,176,184, 210, 283, 290, 295 
American Catholic Historical Association, 144 
American Council of Learned Societies, 153 
American Geographic Society, 458 
American Geophysical Union, 325 
American Meteorological Society, 429 
American Museum of Natural History, 276 
American Physical Society, 172,176 
American Population, Genetio Constitution of, 65 
American Telephone and Telegraph Company, 282, 
297, 300, 314, 347 
Ammerman, Marion, 447 
Amniotic Bands and Adhesions, Genesis of, 14 
Amniotin-Squibb, Administration of, 17 
Amcebse, Life Histories of Two Marine, 383 
Amsden, Monroe, Excavations at Uaxactun, 110 
Anatomical and Biometrical Studies, 29 
Anatomists, American Association of, 31 
Congress of, 11 

Anastomosis, Hepatic and Portal, 32 
Anderson, John A., vn 

Speotrosoopic Experiments of, 182,183, 214, 

216 

Studies in Seismology, 475, 484, 485 
200-inch Telescope, 172,173 


Anderson, William E., Studies in Nutrition, 431, 
434, 436 

Andervont, H. R., Experiments in Chicken-tumor 
Virus by, 26 

Andrade, Manuel J. f at Meeting in Chichen Its i, 
104, 105 

on Maya Linguistics, 103, 105,126 
Yaxchilan Expedition, 105 
Andrews, Charles M., 152 
Anglo-American Conference of Historians, 143, 165 
Anthropology, Studies in Yucatan, 61 
Anton Dohm , Trawlings of, 389 
Apia Observatory, 282, 284, 312 
Aquatic Environment, Relationship of, 425 
Archaeological Research in Southwestern United 
States, 139 
Archibald, R. C., 162 
Architectural Problems in Maya Field, 117 
Arctic Magnetic Charts, 286 
Arctic Regions, Exploration of, 326 
Arnold, Ralph, Studies in Seismology, 485 
Arnott, E. G. F., Publication by, 48 
Ashby, Eric, 241 

Morphology of Transpiratory Organs of 
Coviilea, 264, 265 
Publication by, 41 
Asia, Cooperative Survey of, 301 
Assmann, H., 281, 285 
Associated Press, 480 
Aatete, Teodore, 310 

Astigmatic Focus of Concave Grating, 216 
Astronomical Society of Pacific, 172 
Astrophysical Laboratory of California Institute, 210 
Ateles, Conditions in, 20 
Atomic and Molecular Structure, 417 
Atomio Physics and Magnetism Experiments, 290, 
295 

Atmospheric Electricity, 295 
Atmospheric Pollution, 287 
Atwell, Wayne J., Reconstruction of Embryonic 
Specimens, 8 
Auditors, Report of, 57 
Ault, J. P., Scientific Work of, 323, 407 
Australia, Cooperative Survey of, 303 
Australia, University of Western, 308 
Australian Commonwealth Solar Observatory, 306 
Auxology, Comparative, 63 
Avery, A. G., vi 

Publications by, 29, 80,47 
Avinoff, A., 408 
Ayers, Alden F., 219 
Baade, Walter, vn 
Baboock, E. B„ vm, 47 

Genetical Study of Crepis, 421 
Babcock, Harold D„ vn 

Development of Ruling Machine, 218 
Isotopes of Oxygen, 183,215,216 
Publications by, $6, 88 ,176 
Solar Spectrum, 173,177, 191 
Spectroscopic Observations, 175 
Badger, R. M., Band Spectra and Molecules, 410, 
420 

Structure of Crystalline Substances, 417 



490 


INDEX 


Bailey, I. W., vni 

Cambium and its Derivative Tissues, 399 
Periodicity in Plant Growth, 12 
Publication by, 47 

Balanoglossid, Relation of Function to Structure, 
382, 383 
Baldwin, George J., v 

Balsam, Ella, Observatory Work of, 304, 305 
Band-Spectra, Molecules, 419 
Banker, H. J„ vr 

Publications by, 29, SO 
Heredity of Mental Traits, 39, 64 
Banta, A. M., viii 

Publications by, 29, SO, 32, 47 
Resignation of, 39 

Studies with Cladocera, 48, 49, 51, 53, 423, 
424, 425 

Studies in Moina macrocopa, 72 
Banta, Edith, Racial Stock of American Investors, 
38 

Barbour, George B., Researches in Paleobotany, 276 
Barker, Alfred E., Biologic and Mineralogie Con¬ 
tent of Bottom Samples, 320 
Barnacles of Tortugas, 397 
Barnard College, 39, 404, 405 
Barnett, S. J., Publication by, 47 
Barre, Vermont, Granite from, 80 
Barro Colorado Island Laboratory, 33 
Barron, E. S. G., Publications by, 27, 28 

Reducing Powers of Tumor Tissues, 28 
Bartelmez, G. W., Reconstruction of Embryonic 
Specimens, 8 
Bartels, J., viii 

Magnetic Data for Lunar Variations, 285 
Publications by, 42 , 288, 326, 330, 332 
Researches of, 281, 287, 288 
Solar and Lunar Magnetic Variations, 331 
Barth, Tom, F. W., vi 

Publications by, 32, 91, 93, 94, 96, 97 
Bartlett, H. H., Biological Investigation in Maya' 
Area, 112, 131 
Bartlett, R. A., 408 

Barton, Robert C., Electromotive Forces of Cells, 
417 

Bartsch, Paul, vii 

Orion Colonies on Florida Keys, 371, 372 
Basalt, Melting Temperature of, 75, 77 
Bassett, John S., Publication by, 24 
Bates, S. J., Electromotive Forces of Cells, 417 
Bauer, Louis A., vn, 281 

Publications by, 42, 332 
Bean, George L., 477 

Beckman, A. O., Chemical Reactions, 417, 419 
Beebe, A. N., 220 

Beirut, American University of, 159 
Bell Telephone Lalx>ratories, 188 
Belling, John, vii 

Cytological Investigations, 256, 280 
Publication by, 41 

Benedict, C. G„ Apparatus for Reading Consump¬ 
tion of Oxygen, 229, 232 
Benedict, Francis G., vu, 226 

Publications by, 26, 29, 81, 40, 4h 4&> 232, 
234, 235, 236, 237, 238 
Report of Nutrition Laboratory, 223 
Studies in Metabolism, 66, 68, 69 
Studies in Nutrition, 432, 433 


Benioff, Hugo, 476 

Publication by, 485 
Benndorf Electrometer, 324 
Bennett, B. L., Racial Metabolism, 105, 231 
Bergeron, T., Studies in Meteorology, 426 
Bergner, A. Dorothy, vi 

Publications by, 29, SO 
Studies in Datura, 38, 44 

Berkefeld Filtrate, use in Chicken-tumor Virus 
Experiments, 27 
Berlin, University of, 287 
Bigelow, H. G., Biological Samples, 320 
Billings, John S., v, x, xi 
Binder, J. L., Band Spectra and Molecules, 419 
Biography, Dictionary of American, 153 
Biological Samples, 320 

Biological Variation in Gaseous Metabolism of 
Sugars, 227 

Biology of Maya Area, 128 
Biology, Studies in, 399 
Biorae, Development and Structure of, 275 
Birds, Season of Sexual Maturity of, 69 
Birge, Raymond T., Isotopes of Oxygen, 183, 215 
Publications by, 86, 87 
Bishop Museum of Honolulu, 404 
Bjerknes, J., Studies in Meteorology, 426 
Bjerknes, V, viii 

Studies in Meteorology, 426 
Blair, H. A., Publication by, 48 
Blake, C. H., Biological Samples of Ostracoda and 
Cladocera, 320 
Blakeslee, A. F., vi 

Publications by, 29, SO, SI 
Studies in Datura, 38, 40, 41 
Tests of Inheritance in Taste, 63 
Bland, L. J., Publication by, 25 
Block, Richard J., Publication by, 4& 

Studies in Nutrition, 438 
Bloodgood, Joseph Colt, 28, 294 
Blossom, Philip M., 241 

Relation between Color of Desert Rodents 
and Soil, 266 
Bogert, Walter L., 463 

Bolivia, Study of Constitutional Organization of, 
472 

Bolles, John S., 105 

at Meeting in Chichen ItzA. 104, 105 
Discoveries at Yaxchilan, 132, 134, 136, 138 
Boss, Benjamin, vi 

Publication by, 25 

Report of Department of Meridian Astrom¬ 
etry, 167 

Bottom-Samples, Cruise of Carnegie, 319 
Bowen, N. L., vi, 487 

Publications by, 82, SS, 95 
Boyce, J. C., Publication by, 48 

Spectroscopic Studies of, 454 
Brain Research, in Amsterdam, 36 
Brakken, H„ 297, 302 

Brass, P. D., Studies of Reaction-Rates, 418 
Braucher, Pela Fay, Endocrine Studies in Doves 
and Pigeons, 70, 71 
Publications by, SO, SI 
Brayton, Ada M., 174, 175 
Breeding Season of Rhesus Monkey, 15 
Breit, G. ( Publications by, 49, 333, 334 
Researches of, 287, 288 



INDEX 


491 


Bridges, C. B., Sex Factors in X-chromosomes, 412 
Studies in Drosophila mdanogaster , 48 
Studies in Heredity, 408 
Brin ton, D. G„ Maya Translations, 158 
British East African Meteorological Service, 299 
British Museum, 320, 371 

British Parliaments, Proceedings and Debates of, 
Respecting North America, 151 
Brockway, L. 0„ Structure of Crystalline Sub¬ 
stances, 417 

Brode, W. R., Investigations on Carotene, 249 

Bronfenbrenner, A. N„ Metabolism of Children, 224 

Brookings, Robert S., v 

Brooklyn Academy of Arts and Sciences, 326 

Brown, E. W., 168 

Brown, F. C., 299, 301 

Brown, Howell C., Terrestrial Magnetism Re¬ 
searches of, 289 
Brown, Joseph G., 297 
Brown, L. A., Publications by, 29, 30 , 47 
Sex Studies of, 49, 53 

Brown University, 39, 51, 53, 404, 423, 424, 425 
Bruggencate, P., 176 
B-Type Stars with Emission Lines, 208 
Buchhols, John T., Publication by, SO 
Studies in Datura, 40, 64 
Bullington, W. E., vn 

Ciliates at Tortugas, 371, 378 
Burdett, M., Gaseous Metabolism, 227 
Burgada, Dottori, 165 
Burnett, Edmund C., vi 

Letters of Members of Continental Congress, 
142, 144, 147 
Publication by, 24 

Burnett, W. M., Salvage Operations of, 323 
Burns, Frances H., Publications by, SO, 31 
Burwell, Cora G., Publication by, SO 

Stellar Spectroscopy, 174, 181, 208, 209 
Bussey Institution, 399, 404 
Buwalda, J. P. t via, 11, 475 

Observations of Moon’s Surface, 457 
Researches in Paleontology, 448, 449 
Studies in Seismology, 485 
By-Laws of Institution, xin 
Byrd Antarctic Expedition, 302, 305, 315, 326, 327 
C&dwaiader, John L., v, x 
Cairnes, J. E. I., vn 
Calcareous Soils, 258, 261 

California Institute of Technology, 11, 171,210,295, 
416, 474, 477, 478 

California, University of, 240, 295, 441 
Callison, Elisabeth C„ 441 
Calorimetry with Cold-Blooded Animals, 230 
Cambial Temperatures, 242, 244 
Cambridge University, 172, 371 
Cameron, D. R., Studies in Genetics, 421, 423 
Campbell, W. W„ v, xix 

Studies in Seismology, 485 
Campeche, Linguistic Work in, 127 
Canadian Department of Mines, 405, 406 
Cannon, W. A., Oxygen Relations of Roots, 401 
Cape Town, University of, 299, 300 
Capello, J. J., 329 

Capillaries, Migration of Embryonic, 21 
Caracol, Studies on, 108 
Carley, Catherine, Statistical Work by, 39 
Carlsberg Laboratorium, 321 


Carlson, William S., Aerologies! Researches in* 
Greenland, 429 
Carnegie, Andrew, ix, xi 
Carnegie, Biological Samples Obtained from, 320 
Cruise VII, 281,290,296,316,318, 322, 323, 
326, 328, 334, 363 
Salvage Operations, 323 
Samples Obtained by, 407 
Scientific Work of, 283, 322, 351 
Carnegie Corporation of New York, 9 , 55, 171, 416, 
441, 452, 461, 463, 486 
Carnegie Museum of Pittsburgh, 408 
Carneon, W. A., vm 
Carolin Institute, 225 
Carotene, Investigations on, 248 
Carpenter, Thorno M., vn 

Gaseous Metabolism Studies of, 226, 227 
Journal Nutrition Editorial Board, 231 
Lectures by, 225, 226 
Publications by, 40, 231, 232, 233, 234 
Respiratory Studies, 227, 229 
Carty, John J., v, xix 
Cary, Lewis R , vn 

Invertebrate Tissue Culture, 371, 372, 379 
Publication by, 25 
Casauranc, J. M. Puig y, 106 
Castle, W. E., vm 

Heredity in Small Mammals, 403 
Publication by, 48 
Cattell, J. McKeen, 153 
Catterall, Helen T. f 145 
Cebus, Conditions in, 20 
Cell-Vacuoles, Nature of, 23 
Ceramics of Maya, 114 
Cerasoli, Dom Leone, 165 
Cerion Colonies, 372, 373 
Cerro Noagua, Glass from, 81 
Cetacea, Anatomical Adaptations of, 31 
Chambers, Margaret, Histology and Art Service of, 39 
Chaney, Ralph W., vm 
Publication by, 41 
Researches in Paleobotany, 275 
Chan Korn, Studies of, 105, 123, 124, 125 
Chapman, S., 288 

Variation of Mean Magnetic Vector, 330,331 
Chariot, Jean, Publications by, 24 , 26, 104 
Cheltenham Observatory, 288, 312 
Chemistry, Researches in, 416, 419 
Cheney, W. L., 297 

Chesley, Paul, Mutant Characters in Mice, 39 
Chiapas, Yaxchilan Expedition to, 132 
Chibnall, A. G., Studies in Nutrition, 439, 441 
Chicago, University of, 30, 105, 171, 241, 371 
Chichen It*4, Buildings Excavated at, 102 
Conferences at, 104, 132 
Linguistic Work in, 127 
Report on Project, 104 
Studies in Human Genetics in Yucatan, 61 
Chilam Balam, Books of, 103, 137, 142, 157 
Child Growth and Development, 63 
Children, Metabolism of, 224 
Chinampa, 127 

Christchurch Magnetic Observatory, 313 
Christian Michelsen Institute, 303 
Christie, William H., Publication by, 36 
Spectroscopic Studies of, 175, 206 
Studies of Nebufo, 179,199, 200, 202 



492 


INDEX 


Christman, Guinevere, Metabolism Studies of, 66, 
69,228 

Publications by, 60, 51, 40 , 236 
Chromosome Studies, 9, 40, 43, 49 
Chromosphere in H lt Height of, 189 
Ciliates, Variation in Distribution of, 378 
Caldocera, Studies in, 39,48,49, 51,52, 53, 73,423 
Clark, George, Studies of Diatoms, 406 
Clark, K. B., Publications by, 46, 46 , 334 
Clausen, Jens, vh 

Cytology, 16, 418 

Clements, E. S., Climax and Climate, 273 
Clements, Frederic E., vn 

Studies in Ecology, 266 
Cleven, N. Andrew N., vm 

Constitutional Organisation of Bolivia, 472 
Climatological Researches, 278 
Climax and Climate, 273 

Coast and Geodetic Survey, U. S., 282, 285, 288, 
300, 303, 304, 312, 314, 316, 347, 474, 
476, 478, 480 
Coast Guard, U. S., 321 
Coast Redwood Studies, 278 
Coastal Laboratory, 243 

Coe, Wesley, Biological Samples of Nemeritians, 320 

Colback, A. E., Studies in Genetics, 423 

Cole, F. C., at Meeting in Chichen ltz&, 104,105 

Cole, Whitefoord R., v, xix 

Collins, Henry B., 275 

Colman, John, vii 

Coral Reefs, 371, 372, 395 
Crustacea Observations, 394 
Colorado, University of, 139 
Colovos, N. F., Metabolism of Cow, 227 
Colton, H. S., 279 

Columbia University, 39, 54, 404, 445 
Columbidae, Researches on, 38 
Columbium, Spectrum of, 213 
Coman, F. D., Publication by, 67 

Observations on Muscle of Treitz by, 31 
Compton, Karl T., vm, 46 

Researches in Physics, 452 
Condon, E. U., Analysis of Spectra, 453 
Connecticut Agricultural Experiment Station, 439 
Connell, F. H., Cooperative Medical Survey Proj¬ 
ect, 105 

Connor, Elizabeth, 175 

Continental Congress, Letters of Members of, 147 
Cook, C. A., Studies in Nutrition, 436, 437 
Cooke, C. Montague jr., 405 
Cooke, J. Wythe, Geological Survey in Guatemala 
by, 103, 112, 113 

Cooper, H. J., Publications by, 30, 36 
Coral Reefs, Superficial Structure of, 395 
Corbett, Elsa B., Researches on Dwarf ness and 
Leukemia in Mice, 39 
Cornell University, 225, 407 
Corner, George W., Reconstruction of Embryonic 
Specimens, 8 
Coropatchinsky, vii 

Direct Calorimetry with Cold-Blooded Ani¬ 
mals, 230 

Metabolism of Geese, 230 
Respifktory Studies, 227, 229, 230 
Skin Temperature of Incubating Python, 230 
Cosznical Relations and Terrestrial Magnetism and 
Electricity, 284 


Coso Mountains, Volcanic Glass from, 81 
Council of Learned Societies, American, 143 
Covillea Physiological Studies of Habitats of, 259, 
260, 264 

Covellite and Pyrite, Studies on, 84 
Cow Egg, Studies on, 6 
Crampton, Henry E., vm 

Variation of Partula, 404 
Crawford, D, L., 231 
Crepia, Investigations in, 421 
Cronin, Helen Cannon, 441 
Crowne, A. A. J., vii, 308 
Crustacea, Description of Two New Species of, 389, 
391, 393 
Cycadeoids, New, 277 
Cytological Investigations, 254, 280 
Cytopathilogical Studies, 58 
Dahl, 0., vii 

Award of Prize to, 283, 342 
Magnetism and Atomic Physics, 290 
Publication by, Jfi, 44, 46 , 353, 365 
Vacuum Prebaking Furnace, 353 
Dairy Industry, Bureau of, 6 
Dalldorf, Gilbert, Physiological Functions of Vita¬ 
mins, 444, 445, 447 
Dalton, R. H., 218, 219 
Daphnia, Mutations in, 49 
Datura, Studies in, 40, 41, 42 
Davenport, Charles B., vi, 153 

at White House Conference on Children, 63 
Collaboration with Division of Historical 
Research, 145 

Cooperation with Nutrition Laboratory, 225 
Publication by, 30 

Report of Department of Genetics, 37 
Studies in Heredity of Goiter, 62 
Davies, F. T., vii 

Auroral Displays, 316 
Land Magnetic Survey, 298 
Publications by, Jfi, 327, 335 
Lectures on Byrd Expedition, 326, 327 
Observatory Reductions and Discussions, 305 
Davis, C. L., Reconstruction of Embryonic Speci¬ 
mens, 8 

Davis, H. Faurest, Coast Redwood Studies, 278 

Davis, H. T., 162 

Davis, S. F., New Cycadeoids, 278 

Davis, Tenney L., 162 

Davis, W. M., 487 

Day, Arthur L., vi, 304, 487 

Observations of Moon's Surface, 457 
Radium Content of Bottom Samples, 320 
Report of Geophysical Laboratory, 75 
# Studies in Seismology, 485 
Vibrations of Earth’s Crust, 11 
De Garis, C. F., Publication by, 67 
Studies of, 9, 10 
Delano, Frederic A., v, xix, 64 
Delphinium, Researches on, 39, 45 
de Mars, P. A., Publications by, 44, 289, 355 
Demerec, M., vi 

Publication by, 30 
Demorest, Harry A., 429 
Dendrographic Studies, Scope of, 241, 243 
de Noronha, A. C., Studies in Genetics, 423 
Denton, James, Studies in Pellagra, 443 
Depew, Ganson, 408 



INDEX 


493 


Deppermann, C. E. f 298 

Desert Laboratory Investigations, 240, 241, 256, 
258, 261, 266 
de Sitter, W., 7 

Diabase from Frederich, Maryland, 80 
Diatomaoes, Studies on, 405 
Dice, L. B„ relation between Color of Desert 
Rodents and of Soil, 266 
Dickinson, R. G., Chemical Reactions, 419 
Didusch, J. F., Technical Contributions of, 8 
Dobshansky, Th., Publication by, 26, 26 
Sex Factors in X-chromosomes, 412 
Dodge, Cleveland H., v, x 
Dodge, William E., v 
Doerman, F. W., Publications by, 42, 333 
Dominik, H., Magnetic Work at Sea, 322 
Dominion Observatory, Wellington, 188 
Donelson, E. B., 297 

Donnan, Elisabeth, History of Slave Trade to 
America, 142 
Publications by, 24, 34 
Dore, W. H., 249 

Dorf, Erling, Researches in Paleobotany, 276 
Douglass, A. E., vm 

Climatical Researches, 10, 278 
Doves and Pigeons, Metabolism Studies on, 66, 70, 
72 

Dowd, Merritt C., 221 

DownB, William G. jr., Studies in Nutrition, 432 
Draeger, W., Otosclerosis and Child Development, 
38 

Drosophila, Researches on, 39, 46, 53 
Du Bois, A. M., Publication by, 27 
Researches on Sex, 9, 39 
Du Bois, Eugene F., 225 
Dudley Observatory, 9 
Duke University, 371 
Dunc&n, John C., Publication by, 36 
Solar Observations, 175, 191 
Dunham, Theodore jr., vn 

Photographic Emulsions, 183, 217 
Publication by, 36 
Solar Observations, 194 
Standardisation of Spectrograms, 174 
Stellar Spectrosoopy, 181, 182, 206, 209, 
210 

Dunn, L. C., Researches on Mutant Characters in 
Mice, 39 
Durand, Dana B., 161 
Durham University, 487 
Duvall, C. R., vu 

Magnetic Activity Studies, 285, 304, 336 
Publications by, 46, 327 
Dwarfism in Mice, 54 

Earle, Mable, Library References and Bibliography 
by, 39 

Eastman Research Laboratories, 464 
Earthquake Habits, Comparative Studies of, 486 
Ecology, Researches in, 266, 388 
Eddy, Walter H., vih 

Physiological Functions of Vitamins, 441 
Publication by, 444 

Edmonds, H. M, W„ Observatory Reductions and 
Discussions, 304, 305 
Publication by, 327 
Retirement of, 284 

Egg, Photographic Demonstration of, 6 


Einstein, Albert, General Physics, 420 

Visit to Mount Wilson Observatory, J, 171 
Ekas, M. P., Statistical Work by, 39 
Ellerman, Ferdinand, vu 

Solar Observations of, 174, 176, 185 
Ellis, H. L, 408 

Ellsworth, Lincoln, Fossil Floras in Grand Canyon, 
451 

Embryology, Report of Department of, 3 
Embryological Studies in Central America, 20 
Emsweller, S. L., Interspecific Hybrids, 422 
Endocrine Studies in Doves and Pigeons, 54,70,461 
Ennis, C. C., vn 

Geophysical Stereograms, 331 
Magnetic Charts by, 288 
Magnetic Studies, 287 
Results of Carnegie's Last Cruise, 316 
Entomology, U. S. Bureau of, 320 
Erdtmann, G., 241 
Esparza, Rosendo, 132 

Epstein, P. S., Observations of Moon’s Surface, 457 
Publication by, 485 
Eugenics Record Office, 39, 65, 73 
Eugenics Research Association, 63, 125 
Eugenics, Sixth International Congress of, 38 
Evans, Herbert M., vm 

Reconstruction of Specimens, 8 
Researches in Physiology, 461 
Studies in Growth in Doves, 55 
Executive Committee, Report of, 63 
Fabricii, Extirpation in Pigeons of, 72 
Family Traits, Records of, 73 
Faraday Cages, 293 
Farr, A. G., Publication by, 232 
Farrow, J. G., Publication by, SO 
Fath, E. A., 176 

Faull, Anna F., Cambium and its Derivative Tissues, 
399 

Vacuoles in Higher Plants, 400 
Faure, M. A., Studies in Genetics, 423 
Federal Observatory, Zurich, 188 
Felidtt of Rancho La Brea, 448 
Fenner, Charles P., v 
Fenner, Clarence N., vi 
Publication by, 97 
Fenzi, E., Studies in Genetics, 423 
Ferguson Form Board, 125 
Ferguson, Homer L., v, xix 
Fetus, Pathology of, 13, 15 
Field, George, 407 
Financial Statement, 17 
Findlay, J. H., Publication by, 43 
Finnerty, Anna E., Publications by, 40, 232 
Respiratory Quotient, 229 
Firor, W. M., Hormones and Menstruation, 17 
Publication by, 27 
Fisher, W. K., 321 

Fisheries, U. S. Bureau of, 320,406,407*408 
Fisk, Harlan W., vti 

Arctic Magnetic Charts, 286 
Committee on Physics of Earth, 325 
Future Magnetic Work at Sea, 322 
Land Magnetic Survey, 298 
Magnetic Secular Variation and Solar 
Activity, 284, 338 

Publications by, 43 , 326, 337, 339, 343 
Reductions and Discussions, 304 



494 


INDEX 


Fleming) John A. f vu, 300, 304, 316 
Auroral Code, 315 

Delegate International Union of Geodesy 
and Geophysics, 283, 325 
Leningrad Meeting for Polar Year, 300 
Oceanographic Studies of, 323 
Publications by, Jfi, 45, 298, 326, 327, 332, 
340, 341, 342, 343 

Researches in Terrestrial Magnetism at Sea, 
286 

Report of Department of Terrestrial Mag¬ 
netism, 281 

Solar Activity and Earth’s Magnetic and 
Electric Fields, 341 
Flexner, Simon, v 
Flower, Robin, 165 

Folger, Mary Bell, Biological Samples Salpidse, 320 
Foote, H. W., Publications by, 82, 87 
Forbes, W. Cameron, v 
Forbush, S. E., vn 

Publications by, 45 , 44 , 355 
Results of Carnegie 'b Last Cruise, 316 
Vertical Earth Currents, 309, 310 
Forest Service, 241 
Fortuyn, A. B. D., 39 
Fossil Floras in Grand Canyon, 451 
Fossil Wood Studies, 278 
Fowler, R. H., 328 

Lectures by, 172 
Fox, E. L., vii 

Publications by, 40, 233, 234, 237 
Metabolism Studies of, 228, 230 
Respiratory Studies of, 229, 230 
Skin Temperature of Incubating Python, 230 
Francis, Luva, 441 
Franklin Institute, 188 
Frederick, Maryland, Diabase from, 80 
Freudenberg, Karl, 225 
Frew, William N., v, x 
Frick Chemical Laboratory, 319 
Frick, Childs B., 276 

Frink, Lillian, Studies in Heredity in Otosclerosis 
by, 63 

Frissle Fowl, Gaseous Metabolism of, 228 
Fuller, Veryl R., Observatory Work, 315 
Furlong, Eustace L., Publication by, 25 
Researches in Paleontology, 451 
Gage, Lyman J., v, x 

Gaige, F. M., Biological Investigations in Yucatan, 
103, 128 
Galbiati, Dottore, 165 
Qahlee , Scientific Work of, 304, 322 
Galton, Sir Francis, 373 
Galtsoff, Paul S., 407 
Gandz, Solomon, 162 
Gardiner, M. S., Publication by, 24 
Gardner, R. E., Publications by, 27, 28 
Garrido, Senor Lie. Don Tomas, 132 
Garven, H. S. D., 225 
Gaseous Chemical Reactions, 418 
Gaseous Exchange after Ingestion of Galactose, 226 
Gaseous Metabolism Studies, 227, 228 
Gases, Studies in, 78, 79, 226, 246, 452 
Gasin, Charles Lewis, Researches in Paleontology, 
451 

Gebhardt, R. E., Field Observations, 302 
Observatory Work of, 310 


Geiger-Mtlller Tube Counter, 283, 291, 293 
Gelling, E. M. K, Publication by, 27 

Studies of Hormones and Menstruation by, 
17 

General Catalogue, Preliminary, 167 
General Electrio Company, 210 
General Radio Corporation, 219 
Genetics, Studies in, 421 

Geodesy and Geophysics, International Union of, 
283, 285, 288, 315, 342 
Geological Survey, U. 8., 297, 474 
Geological Survey, Uganda, 276 
Genetics, Report of Department of, 37 
Geophysical Laboratory, 11, 12, 77, 320, 352, 406, 
487 

Report of Director of, 75 
Geophysical' Union, American, 298, 342, 353 
George Washington University, 297, 357 
Gey, G. 0., Researches on Cancer, 28 
Gibson, R. E., vi 

Publications by, 82, 86, 88 
Gifford, Walter S., v, xix 
Gilbert, Cass, v, xix, 54 
Gillett, Frederick H., v, xix 
Gilman, Daniel Coit, v, x, xi 
Gish, O. H„ vii 

Air Conductivity, 346, 350, 359, 364 
Atmospheric Electricity, 296, 305 
Committee on Physics of Earth, 325 
Observatory, Work of, 311 
on Earth Currents, 296, 315, 344, 345, 346, 
347, 348 

Publications by, 43, 41 287, 288, 298, 326, 
345, 346 

Terrestrial Electricity, 295, 327 
Glober, P. W., 313 
Goddard, R. H., vm 

Experimental Work in Rocket Development, 
310, 326 

Godske, C. L., Studies in Meteorology, 428 
Goff, Miles G., 463 
Goiter, Heredity of, 62 
Goldsmith, G. W., 268 
Goodner, Kenneth, Publications by, 84, 85 
Goodrich, J. I., Study of Goiter, 38 
Goodsell Observatory, 176 
Goranson, Roy W., vi 
Publication by, 98 

Study of Solubility Relations of Glasses, 81 
Gordon, W. G„ Studies in Nutrition, 436 
Gorilla Foot, Study of, 32 
Gottingen University Observatory, 176 
Goucher College, 371 
Graham, H. W., vu 

Quantitative Phytoplankton, Studies of, 316, 
320, 321, 351 

Graham, Ruth T., Biological Samples Chaetognatba, 
320 

Granite, Melting Temperatures of, 75, 77 
Grant, Sherwood B., vi 
Granton, New Jersey, Diabase from, 80 
Greek Thought, History of, 162 
Green, John W., vu 

Expedition by, 299 
Field Observations, 302 
Geophysical Stereograms, 331 
Land Magnetic Survey, 298 



INDEX 


495 


Green, John W .—Continued 

Magnetic Inversion Point in Iron, 352 
Photographic Experiments, 286 
Publications by, 44, 92, 282, 358 
Gregory, J. W., 488 

Publication by, 48 
Studies in Heredity, 403 
Greig, J. W., vi 
Griffith Planetarium, 188 
Grindley, E. N„ 300 

Diurnal Variation of Magnetic Intensity, 339 
Earth’s Magnetic Field in Southern Africa, 
352 

Field Observations, 301 

Grodsinski, Z., Guest of Department of Embry¬ 
ology, 23 

Publication by, 25 
Studies in Cell-Vacuoles, 24 
Guatemala, Archaeological Investigations in, 110,112 
Guinet, L., 162 

Guiol, Fernand, Studies in Genetics, 423 

Gurley, L. E., 429 

Gurley, W., 429 

Gurin, Celia, 447 

Gurin, Samuel, 447 

Publications by, 443 
Gutenberg, Beno, 475, 478, 479 
Publications by, 484, 485 
Haasis, Ferdinand W., vh 
P ublication by, 41 

Studies with Dendrography, 243, 244, 246 
Habitat Conditions, Investigation of, 261 
Hafstad, L. R,, vn 

American Association Prise, 283, 342 
Magnetism and Atomic Physics, 290 
Publications by, 44t 48, 327, 353, 365 
Researches in Europe, 283, 295 
Vacuum Prebaking Furnace, 353 
Hale, George E., vn 

Publication by, 86 

Solar Observations of, 172, 173, 177, 187, 
188, 304, 316 
Hail, H. M., vn 

Experimental Taxonomy, 250 
Report of Division of Plant Biology, 239 
Hall, R. E., Publications by, 82, 91, 96 
Halliday, E. C., 297 

Halpert, B., Observations on Muscle of Treits, 31 
Publication by, 27 
Hamburger, R. J., 225 
Hamilton College, 371 
Haney, C. W., Studies in Genetics, 422, 423 
Hansen, Asael T., Sociological Investigation in 
Yucatan, 105,123 

Harradon, H, D., Auroral Displays, 353 
at Leningrad Meeting, 325 
Delegate, International Union of Geodesy 
and Geophysics, 283 
Publications by, 44, 46 , 326, 353, 354 
Harrington, M. R., Explorations in Gypsum Cave. 
450 

Harris, William P. jr., relation between Color of 
Desert Rodents and of Soil, 266 
Hartman, Carl G., vi, vu 

Embryology and Animal Development, 18, 
6,7,9, 15, 16, 17, 19,371,381 
Publications by, 26, 27 , 28, 29 


Harvard Astronomical Laboratory, 289 
Harvard Medical School, 5, 230 
Harvard Observatory, 176,186 
Harvard School of Public Health, 297 
Harvard University, 105, 231,402 
Harvard University Press, 403 
Haskins, C. H., 162 

Hatcher, John B., Studies of Vapor Densities, 416 

Hawaii, University of, 225, 231 

Hawaii, Water Vapor Constituent in Gas, 79 

Hawkins, R. H., 297 

Hay, John, v, x, xi 

Heard, O. 0., Publication by, 27 

Technical Contributions of, 8, 12 
Heck, N. H., 304 
Heidel, W. A., vi 

History of Greek Thought, 143,162 
Heidelberg, University of, 241 
Heilman, C. Doris, 159 
Publication by, 84 
Hempl, George, Publication by, 84 
Hendee, E. C., Publication by, 25 
Henry, Franklin, Physiological Effects of Ultra- 
High Frequency Electrical Currents, 
241, 265 

Henderson, E. P., Publications by, 82, 88, 92 
Henry Mountains Laccolite, 80, 82 
Heredity, Studies on, 40, 64, 252, 403, 408 
Hermit Crab, Differential Mortality in, 384 
Hernandez, Juan Martinez, at Meeting in Chichen 
Itzd, 104, 105 

Herrick, C. J., Study of Opossum Brain, 36 
Herrick, Myron T., v 
Hess, Walter H., vn 

on Palolo Worm and a Balanoglossid, 371, 
382 

Heuser, Chester H., vi 

Publications by, 25, 27 
Studies of Human Embryo, 8, 11 
Heusi, William M., Experimental Taxonomy, 250 
Studies in Plant Heredity and Environment, 
253 

Hewett, D. F., Studies in Fossil Floras in Grand 
Canyon, 451 
Hewitt, Abram S., v 
Hibben, J. H., vi 

Hickox, Joseph, Solar Observations, 174,176, 185 
Hicks, C. Stanton, 225, 231 
Publications by, 40, 236 

Hicks Nursery, Observation in Sense of Smell, 64 
HigginBon, Henry L., v, x 
Hildebrand, S. F., Biological Samples of Larval 
Fish, 320 

Hilton, H. M„ Metabolism of Cow, 227 
Hines, Marion, Publication by, 27 

Study of Nervous System by, 33, 34 
Studies of Ornithorhynchus by, 36 
Historical Association, American, 144 • 

Historical Research, Report of Division of, 101 

Studies in Human Genetios in Cooperation 
with, 61 

Steggerda’s collaboration with, 39 
Historical Sciences, International Committee of, 143 
History, Section of Aboriginal American, 101 
History of Science, Report of Section, 14 ,159 
History, Section of United States, 142 
Hitchcock, Ethan A., v, x 



496 


INDEX 


Hitchcock, Henry, v 
Hitchcock, L. R>, 188, 219 
Ho, C. Y m Field Observations, 302 
Hoard, J. L„ Structure of Crystalline Substances, 
417 

Hobbs, William H., viii 

Aerological Research in Greenland, 429 
Hoge, Wendell P., Lectures by, 184 
Publication by, 86 
Spectroscopic Studies, 175, 192 
Hogg, FVank S., 176 
Hollingshead, L., Publication by, 47 
Holmes, Arthur, 487 
Honolulu Observatory, 288 
Hoover, Herbert, v, 300 
Hopkins, D. L., vii 

Ciliates at Tortugas, 371, 378, 383 
Hopkins Marine Station, 320, 321 
Hormones, Studies in, 17, 18, 55, 70, 71 
Horsley, Caper ton B., 463 
Horses, Racing Capacity in, 59, 60, 61 
Horst, Kathryn, Metabolism of Pigeon, 224, 228 
Publications by, 40 , 46, 236 
Resignation of, 226 
Studies in Nutrition, 432, 433 
Howard, Hildegarde, Studies in Paleontology, 451 
Howe, William Wirt, v, x 

Howell, A. B., Muscle Studies among Primates, 31, 
32 

Publication by, 27 

Hrdlicka, A., Study of Peruvian Skulls by, 12 
Huancayo Magnetic Observatory, Observations at, 
284, 285, 296, 298, 302, 304, 305, 
308, 309, 316, 324, 327, 336, 337, 346 
Hubble, Edwin P., Publication by, 86 

Studies of Nebul®, 7,172, 173,176,179, 180, 
198, 199, 200, 201, 204 
Huber, E., Publication by, 27 
Studies on Muscle, 30, 31 
Hubrecht Material, Histological Study of, 16 
Huff, C., vii 

Instrument Shop, Work of, 286, 323 
Publications by, 44* 354 
Hughson, W., Studies on Muscle, 31 
Humason, Milton L., vii 

Publications by, 86, 89 
Stellar Spectroscopy, 174, 206, 208, 210 
Studies of Nebul®, 7,172,179,181, 199, 200, 
203 

Humphrey, Estella, 407 

Humphrey, Robert R., Investigation of Habitat 
Conditions, 261 
Publication by, 41 
Study of Desert Rainfall, 257, 258 
Wilting Coefficient of Plants, 263 
Hunter, Richard H., Publications by, 26, 11 
Hunter's College, 226 
Huntington Elementary Schools, 65 
Hursh, C. R., Publication by, 41 
Hutchinson, Charles L., x 
Hybrids, Studies of, 62, 421 
Hydrogen Ion Concentration in Vital Staining, 399 
Hydrographic Bureau, International, 321 
Hydrographic Office, U. 8., 297, 322 
Hydrographic Service of China, 302 
Ichikawa, Shoichi, Publication by, $6 
Illinois, University of, 298 


Index Medious, 22 

Indians, Studies in Comparative Auxology of, 62,63 
Infra-Red Solar Spectrum, 191 
Ingalls, N. Wm., Reconstruction of Embryologieal 
Specimens, 8 

Inguanes, Dorn Mauro, 165 
Interferometers, Stellar, 205 
Isis, Publication of, 162 
Jacobus, Dorothy, 105 

Jacomini, Clement, Development of Ruling Ma¬ 
chine, 218, 219 
Jakosky, J. J., 298 

James, B., Metabolism Studies of, 228, 230 

Jameson, J. Franklin, vi, 142, 143 

Jeans, Sir James H., vrn 

Jeffreys, C. EL P., Chemical Reactions, 419 

Jenkins, Heroy, vi 

Jesuit Seismological Association, 480 

Jochelson, W., viii 

Johansen, D. A., Studies in Cytology and Pollen 
Morphology, 254 
John Tarleton College, 278 
Johns Hopkins Medical School, 32, 295, 435 
Johns Hopkins University, 13, 29, 36, 294, 462 
Johnson, Bart, New Cycadeoids, 278 
Johnson, Douglas W., 487 
Johnson-Shippee Photographic Expedition, 310 
Johnston, H. F., vii, 316 

Air Conductivity, 350 

Observatory Reductions and Discussions, 
304, 305 

Publications by, 44, 46, 298, 327, 354 
Terrestrial Electricity, 295 
Jones, C. K., 144 
Jones, Edward D., 275 
JoneB, George D., 220 
Jones, L. A., 464 
Jones, Sidney, 221 

Joslin, Elliott P., Apparatus for Reading Con¬ 
sumption of Oxygen, 229 
Joy, Alfred H., vii 

Publications by, 86, 176 
Stellar Spectroscopy, 173, 181, 182, 206, 207, 
209 

Joyner, Mary C., Publications by, 86, 89 

Stellar Photometry, 174, 180, 202, 203 
Kaiser Wilhelm Institut, 9 
Kammenoff, Ralph, Researches on Mutant Charac¬ 
ters in Mice, 39 

Kansas Agricultural College, 45, 241 
Kaolin, Use in Chicken-tumor Virus Experiments, 
27 

Kappers, Aliens, 36 

Kaylor, Margaret, Multi-Mutating Genes, 39 
Keck, D. D., Experimental Taxonomy, 250 
Keeler, Clyde E., Heredity Studies by, 403, 404 
Publication by, 48 
Kellogg, Minerva, 447 
Kellogg, Remington, viii 
Publication by, 48 
Researches in Paleontology, 450 
Kendall, John C., 224 
Kennelly, A. E., vm 

Publications by, 44* 355 
Researches of, 287 

Kennelly-Heaviside Layer, 282, 293, 310, 324, 355 
Kenrick, G. W., Publications by, 44* 389, 355 



INDEX 


497 


Kenyon, Elmer L., Larynx and Voice Production, 463 
Keresteszy, John C., 447 
Keyes, Mary G., Publications by, 82, 88 , 87 
Kidder, A. V., vi, U, 105,113,140, 472 

Report, Division of Historical Research, 101 
Publications by, 86 , 84 
Kidson, E., Publications by, 44 , 355 
Kilauea, Gases at, 70, 82 
Kilborn. L. G., 225, 231 
Kimple, John E., 219 
King, Arthur S., vn 

Publication by, 87 

Spectra of Rare Earths, 173, 182, 212, 213, 
214, 215 

Stellar Photometry, 203 
Kinney, H. S., 219 
Klamroth, Wilfried, 463 
Koff, A. K., Studies of, 11 
Kofoid, C. A., 162 

Kolar, J. J., Magnetic Studies of, 285, 287, 330 
Publications by, 44 , 329, 355 
Korff, Serge, Studies in Gas Opacity, 453 
Kraook, F. C., vi 

Publications by, 82, 88 , 87, 88, 90, 96 
Kraissl, C. J., 463 
Krakow, University of, 23 
Kraus, E. J., 241 

Kraus, G., Leaf Elongation in Monterey Pine, 246 
Krizenecky, Jaroslav, Publications by, 80, 81 

Failure of Thymectomy to Reveal Thymus 
Function, 72 
Ksanda, C. J., vi 

Determination of Covellite, 84 
Publications by, 82, 93, 97 
Kunkel, B. W., vn 

Differential Mortality in Hermit Crab, 371, 
372, 384 

Kwci, C. T„ Field Observations of, 299, 301 
Laanes, Alice G., Otosclerosis and Child Develop¬ 
ment, 38, 39 
Lafayette College, 371 
Lomson, Eleanor A., Publications by, 83, 89 
Landauer, Walter, Gaseous Metabolism of Frizzle 
Fowl, 225, 228 
Langley, Samuel P., v, x 
Langworthy, 0. R., Publication by, 28 

Sympathetic System and Skeletal Muscle 
Innervation, 35 

Larynx and Voice Production, 463 
Laughlin, H. H., vi 

Publication by, 80 

Researches on Horse Genetics, 38, 59, 60 
Studies in Eugenical Sterilization, 65 
Lavas, Gases obtained by Reheating, 79 
Lawler, T. G., Conversion of Starch into Sugar in 
Culture Media, 28 
Publication by, 28 

Lawson, A. C., Studies in Seismology, 485 
Leake, C. D., 162 
Leavenworth, Charles 8., 441 
Ledig, P. G., vn 

Field Observations, 303 
Publications by. 44, 355 

Lee, G., Metabolism, Studies of, 227, 229, 230, 299 
Lee, Robert C., Gaseous Metabolism, 226, 227, 229 
Respiratory Exchange Apparatus, 227, 229 
Publications by, 4 P, 231, 232 


Leermakers, J. A., Gaseous Chemical Reactions, 418 
Leland, Waldo G„ vi 

Guides to Sources of American History in 
Foreign Depositories, 142, 143,148 
Letchworth Village, Child Development Studies In 
Collaboration with, 63 
Leukemia in Mice, 55 
Lewis, E. M., 224 
Lewis, Margaret R., vi 

Experiments in Chicken-tumor Virus by, 26, 
27, 28 

Publication by, 28 
Lewis, Warren H., vi 

Adaptation of Motion-Picture Photography 
to Study of Embryonic Cells, 21 
Experiments in Pinocytosis by, 24, 26 
Publications by, 27, 28 
Study of Human Tumor Cells, 29 
Study of Living Mammalian Egg, 6, 7 
Li, J. C., Studies of Bobbed-Lethal, 413 
Library of Congress, 143, 148 
Lindsay, William, v, x 

Liljestrand, G., Studies of Respiratory Exchange, 
225 

Lincke, Eric, 408 

Linguistic Research in Maya Field, 126 

Little America, Antarctica, 315 

Little, C. S., Studies in Comparative Auxology, 63 

Littlehale, A. D., Metabolism of Cow, 227 

Locusts, Grouse, 45 

Lodewick, J. E., Leaf Elongation in Monterey Pine, 
246 

Lodge, Henry Cabot, v 
Lohman, R. W., 298 
Long, Frances L., vn, 268 
Longley, W. H., vm 

Observations on Tortugas Fishes, 371, 373, 
385 

Report on Tortugas Laboratory, 371 
Longwell, C. R., Fossil Floras in Grand Canyon, 451 
Low, Seth, v, x 
Lowe, Elias A., vi 

Publication by, 84 

Research in Palaeography by, 143, 164 
Lowther, Florence deL., 405 
Ludy, A. K., Earth Currents, 347 
Luna, Carlos, 113 
Lunar Investigations, 195 
Lundholm, H., Publication by, 232 
Lymphocytes, Locomotion of, 22 
Macacus rhesus, of Egg, 7 
MacCormack, Elizabeth, Spectrograms, 174 
Macdonald, D. B., 162 
MacDougal, Daniel T., vn 

Dendrographic Studies by, 241,242,244,246 
MacDoweil, E. C., vi 

Dwarfism in Mice, 39, 54, 56 • 

Publications by, 80, 81 
Maclnnes, Janet, 454 

Publication by, 48 
MacKay, Katherine, 105,123 
MacMillan Expeditions, 285 
MacPherson, Maurita, Studies in Moina marrocopa, 
72, 425 

MacVeagh, Wayne, v, x 
Madsen, Charles P., 463 
Magnetic Observatory, Standardising, 286, 302 



498 


INDEX 


Magnetic Work at Sea, 286, 322 
Magnetism and Atomic Physics, 285, 290, 295 
Maire, Rene, Studies in Genetics, 423 
Maier, Teobart, Visit to Yaxchilan, 134 
Mall, Franklin P., vi, 32 

Mallery, T. D., Growth on Highly Calcareous Soils, 
258, 259 

Maloney, J. 0., Biological Samples of Isopoda, 321 
Mammalian Eggs, 5 
Mann, Albert, vm 

Studies on Diatomacese, 320, 405 
Manter, H. W., vm 

Studies on Trematodes, 371,372,386 
Marmosets, Scent Glands in, 33 
Marine Algae of Tortugas, 398 
Marine Biological Laboratory, 406 
Mars, Temperature of, 197 
Martin, Margaret, Work on Eugenics Archives, 39 
Martinique, Bread-crust Bomb from, 81 
Martinez, Juan, Maya Translations, 158 
Martz, Eugene W., Metabolism of Children, 224 
Studies in Comparative Auxology by, 63 
Masaryk University, 229 
Mason, Eleanor D., Publications by, 40, 238 
Racial Metabolism, 225, 231 
Mason, Herbert L., Researches in Paleobotany, 276 
Mason, J. Alden, 133 

Excavation at Piedras Negras by, 137 
Mason, Karl E., Studies in Nutrition, 432, 435 
Massachusetts Institute of Technology, 188, 297, 
320, 450 

Mather, Vera, Publication by, 28 

Study of Nervous System by, 34 
Matters, R. Francis, Publications by, 40 , 236 
Matteson, David M., History of Mississippi Valley, 
142, 143 

Matthew, William Diller, Death of, 275 
Maya Architecture, 107, 117 

Area, Biological Research in, 128 
Ceramics, Study by H. B. Roberts, 114 
Indians, Survey of, 39, 62, 124 
Linguistic Research, 126 
Men, Basal Metabolism of, 01, 62 
Mayall, Nicholas U., Publications by, 37, 39 
Stellar Spectroscopy, 180, 206 
Studies of Nebulse, 198, 203 
Studies of Pluto, 173, 179, 196 
McAllister, Birdie, Sex in Moina, 53, 424 
McComb, H. E., 304 
MoDoug&U, Eleanor, 231 

McEwen, G. F., Results of Cameoie Last Cruise, 316 
McGill University, 326 
McGregor, R. M., 297 
McLaughlin, Andrew C., vi, 147 
McMorris, John, Studies of Free Energy of Gaseous 
Iodine Monobromide, 416 
McMurrich, J. Playfair, Manuscripts of Leonardo 
da Vinci, 160 
McNish, A. G., vii, 297 

Atmospheric Pollution of Small Ions, 357 
Diurnal Variation, 312 
Magnetic Observations, 356 
Observatory Reductions and Discussions, 
304^305 

Publication by, 327 

McPherson, Maurita, Publications by, SO, 32 
Medical Association, American, 295 


Mees, C. E. K., 191, 209, 217 
Meggers, William F., Analysis of Spectrum, 182,213 
Publication by, 37 

Meinesz, F. A. Vening, Publication by, 89 
Mellar, H. B., 297 
Mellon, Andrew W., v 
Mellon Institute, 297 
Menstruation and Hormones, 17 
Mendel, Lafayette B„ vm 

Metabolism of Albino Rat, 224, 228 
Publications by, 40 , j9, 236 
Researches in Nutrition, 430 
Mendelian Inheritance, 50, 64, 65 
Mendelsohn, W., Experiments in Chicken-tumor 
Virus by, 27 
Publication by, 28 
Mental Trait^, Heredity of, 64 
Merida, Medical Survey in, 120 
Meridian Astrometry, Department of, 10 
Report of Department of, 167 
Merriam, John C., v, xix, 54 
Publication by, 47 
Report as President, 1 
Researches in Paleontology, 448, 449 
Visit to Guatemala, 102 
Merrill, Paul W., vn 

Publications by, 37, 176 
Stellar Spectroscopy, 173, 181, 206, 208, 209 
Merwin, If. E., vi 

Publications by, S3, 88, 89, 90, 99 
Merwin, R. C., Excavation at Lubaantun by, 137 
Studies at Holmul, 115 
Mestizos, Percentage of Spanish Blood in, 62 
Metabolism Change in Environmental Tempera¬ 
ture, 68 

Metabolism'of Geese, 230 
Pig, 228 

Pigeon, 66, 67, 68, 69, 228, 230 
White Mice, 230 
Racial, 230 

Relation to Endocrine and Vitamin Defi¬ 
ciency of Gaseous, 461 
Meteorological Office, British, 312 
Meteorological Organization, International, 300, 
325, 343 

Meteorological Service, Argentina, 299 
British East Afrio&n, 301 
Meteorological Society, American, 326 
Meteorology, Investigations in, 426 
Metz, Charles W., vi 

Investigations on Sciara, 9, 49, 50 
Publications by, 26, 28, SO, 31 
Residence at Johns Hopkins University, 39 
Mew, Alfred J., New Cycadeoids, 277 
Meyer, Bernard S., Publication by, 4* 

Mexicali and Gulf Railroad, 459 
Mice, Studies on, 39, 54, 55 
Michelson, Albert A., vm 
Death of, 1, 2, 171 
Diameter of Fixed StarB, 9 
Velocity of Light, 171, 175, 183, 218 
Michaelson, Mrs. A. E., 221 
Michigan College of Mining and Teohnology r 297 
Michigan, University of, Research in Biology in 
Maya Area by, 128 
Miller, Carey D., 225, 231 
Miller, F. W„ Publications by, 27, 28 



INDEX 


499 


Miller, John A., 176 
Miller Ovum, 10 

Miller, Ruth A., Publications by, 34 
Millikan, R. A., Studies in Seismology, 485 
Mills, Darius 0., v, x 
Mills, John W., 372 
Milner, H. W., vu 

Investigations on Carotene, 248 
Publication by, 41 

Ultra-Violet Absorption Spectra, 260 
Mines, U. S. Bureau of, 297, 329 
Minerals, Equilibrium between Component, 76 
Miniature-Alpha Gene, Modifiers on, 48 
Minogue, Blanche M., Publications by, 30, 31 
Minutes of Thirty-second Meeting of Board of 
Trustees, xix 
Missouri, University of, 371 
Mitchell, A, Crichton, 304 
Mitchell, Mark L., Publications by, 40 , 236 
Mitchell, S. Weir, v, x, xi 
Moberg, E, G., Distribution of Oxygen in the 
Pacific, 357 

Moberg, E. G., Publication by, 44 

Results of Carnegie Last Cruise, 316 
Modeling Technique, 12 

Moina, Factors in Control of Sex, 52, 53, 72, 73, 
424 

Molecular and Atomic Structure, 417, 419 
Moment, Gairdner B., Studies in Nutrition, 430 
Monterey Pine, 246 
Montague, Andrew J., v, xix 
Moon, Report of Committee on Study of, 455 
Moore, Charlotte E. t Analysis of Spectra, 175, 176, 
178, 194 

Publication by, 37 
Moore, Leslie, 132 

Moore, Thomas, Investigations on Carotene, 249 
Morgan, Mildred, 447 
Morgan, T. H., vm 

Studies in Heredity, 408 
Morey, G. W., vi 

Publications by, S3, 85, 89, 91, 93 
Morley, Sylvanus G., vi, 14 

Report on Chichen Its4 Project, 104 
Report on Yaxchilan Expedition, 132 
Study of Hieroglyphics by, 111 
Morris, Ann Axtell, Publications by, 34, 36, 104 
Morris, Earl H., vi, 14 , 108, 279 

Archaeological Research in Southwestern 
United States, 139 
Publications by, 34, 36, 34* 104 
Morris, Sadie 0„ Physiological Functions of 
Vitamins, 443, 447 

Morrison, Harold, Biological Samples Insects, 320 
Morrow, William W., v, x 
Mount Wilson Observatory, 7, 304, 310, 316, 455, 
475 

Report of, 171 

Mountain States Telephone and Telegraph Com¬ 
pany, 314, 347 

Moukden Medical College, 225 
Mourning Dove, Metabolism of, 69 
Mouse Egg, 6 

Mugica, F., Visit to Chichen Its4,106 
Murdoch, P. G., Chemical Reactions, 419 
Murie, A., Biological Investigation in Maya Area, 
103,112,131 


Mussen, Aubrey T., vm 
Publication by, 4$ 

Cerebellar Functions and Localisations, 462 
Mutations in Cladocera, 48 

in Delphinium, 40, 45, 46 
Mycetosoan, Life History of, 383, 384 
Myers, Albert, High Temperature Reactions, 417 
Nabours, Robert K., Grouse Locusts, 39, 45 
Publication by, SI 
Narwhal, Term Fetus of, 31 
National Academy of Science, 176, 184, 283, 441, 
450, 451 

National Geological Survey of China, 276 
National Museum, U. S., 371, 373, 374, 378 
National Park Service, 143 
National Research Council, 283, 325, 395,453 
National Zoological Park, 230 
Naturalists, Society of American, 38 
Nautilus, Field Work of, 302, 303 
Naval History Society, 145 
Naval Research Laboratory, 290, 294, 297, 327 
Navashin, M., Publication by, 47 
Studies in Genetics, 421, 423 
Navy Department, U. S., 474 
Naxakis, G. S., Studies in Genetics, 423 
Nebraska, University of, 371 
Nebuhe, Researches on, 198, 199, 200 
Negroes, Studies in Comparative Auxology of, 62,63 
Neptune’s Satellite, Mass of, 197 
Nervous System, 33 
Newell, Q. U., Publication by, 35 
New England Deaconess Hospital, 229 
New Hampshire Agricultural Experiment Station, 
224 

New Hampshire, University of, 223, 224 
New York Botanical Gardens, 256 
New York State Department of Mental Hygiene, 225 
New York Museum of Science and Industry, 328 
New York University, 288 
New York Zoological Park, 230 
New Zealand, Department of Scientific and Indus¬ 
trial Research of, 282 
News Service, International, 480 
Nichols, Edgar C., Design of Instruments, 219 
Development of Ruling Machine, 218 
Publication by, 37 
Stellar Spectroscopy, 206 
Nicholson, Seth B., vu 

Lunar Observations, 179 
Publications by, S7 , 38 
Solar Observations, 173, 176, 185 
Stellar Interferometers', 196,197, 205, 454 
Niemann, C. W„ 241 

Nitrogen Output of Fasting Albino and Wild Rats, 
229 

Nolan, Laurence S., 441 

Norman Bridge Laboratory of Physics, 475 

North America, Cooperative Survey, 301 • 

North, Miriam, Library Work of, 39 
Norwegian Physical Institute, 302 
Noyes, Arthur A., vm 

Researches in Chemistry, 416 
Nussman, Theodora, Temperatures for Metabolism 
Measurements, 69, 71 
Resignation of, 226 
Nutrition Laboratory, Report of, 223 
Nutrition, Researches in, 430 



500 


INDEX 


Obreehkove, V., Publication by, 47 
Obsidians, Volatile Matter in, 81 
Ohio State University, 249, 483 
Olds, J. McK., 32 

Publication by, 88 
Ontario Research Foundation, 297 
Organisation, Plan and Scope, ix 
Ornithorbynchus, Basal Ganglia of Brain of, 36 
Osborn, William Church, v, 54 
Osborne, Thomas B., Biographical Memoir of, 441 
Otago, University of, 408 
Otological and Laryngological Association, 465 
Otosclerosis, Heredity in, 63 
Outhouse, Julia P., Studies in Nutrition, 430 
Ovulation and Hormones, 18, 71 
Oxygen Band Spectra, 215 
Oxygen Relation of Roots, Experimental Studies, 
401, 402 

Pacific Science Congress, 327 
Paetow, Louis J., 161 
Paleography, Research in, 164 
Paleobotany, Researches in, 275 
Paleontology, Researches in, 448 
Palolo Worm, Relation of Function to Structure, 
382 

Pan-America, Population Movements in, 66 
Paramecium, Genetic Experiments in, 9 
Park, E. A., Studies in Nutrition, 432, 435 
Parkinson, Wilfred C., vn 

Atmospheric Electricity, 306, 308, 346 
Publications by, 44, 4#. 358, 370 
Parkman Professor of Anatomy at Harvard Medical 
School, 5 

Parmelee, James, v, xtx 
Death of, 1, 53 

Parsons, William Barclay, v, xix, 54 
Partula, Variation of Genus, 404 
Parturition, Behavioral Aspects of, 16 
Pasadena Seismological Laboratory, 475 
Paton, Stewart, v, xix, 54 
Paul, J. H., Pettersson Plankton Catcher, 351 
Publication by, 316 
Results of Carnegie Last Cruise, 316 
Pauling, Linus, Atomic and Molecular Structure, 
417, 418 

Paullin, Charles O., vi, 142, 145 

Atlas of Historical Geography, 144 
Lives of Eminent Americans, 153 
Publication by, 34 
Pavlow, A. W., 322 
Payne, Cecilia, 176 

Payne, F„ Reconstruction of Embryonic Specimens, 8 
Peabody Museum, Harvard University, 102, 134 
Pearse, A. S„ vm, 597 

Decapod Crustacea, 372 
Ecological Succession, 371, 388 
Pearson, Karl, Researches on Theory of Surfaces, 
473 

Velocity of Light, 171,175, 183, 218 
Pease, Francis G., vn 

Diameter of Fixed Stars, 9 

Observations of Moon’s Surface, 457 

Publication by, 38 

Stellar Interferometers, 205 

Studies of Nebulas, 180, 200 

200-inch Telescope, 172 

Velocity of Light, 171,173,175,183,218,210 


Peccary, Female Reproductive Tract of, 21 
Peiping Union Medioal College, 12 
Pekeris, C. L„ 297 
Pelseneer, John, 150 

Publication by, 54 
Pennsylvania State College, 144 
Pennsylvania, University of, Expedition to Piedras 
Negras, 133 
Museum of, 138 
Pepper, George W„ v 
Perkins Observatory, 186,316 
Pershing, John J., v 
Peters, W. J., vu 

Committee on Physics of Earth, 325 
Field Observations, 302 
Magnetic Studies of, 285, 286 
Oceanographic Studies, 323 
Photographic Experiments, 286 
Publications by, 4$» 44, 326, 327, 343, 358 
Peto, Medical Survey in, 120 
Petrik, Josef M., Publications by, 40, 235 
Respiratory Quotient, 229 
Pettit, Edison, vit 

Development of Spectrograph, 183, 216 
Lunar Researches, 457 
Publication by, 38 

Solar Observations, 174, 177, 188, 189 
Temperature of Mars, 197 
Phagocytosis and Pinocytosis, 24 
Phenyl Osasones, Ultra-Violet Absorption Spectra 
of Certain, 250 

Philosophical Society, American, 143 
of Washington, 326 
Photochemical Cells, 216 
Photographic Emulsions, 217 
Photometry, Nebular, 200 
Stellar, 202 

Photosynthesis, Thermal Effects in, 247 
Physical Oceanography, 318 
Physical Society, American, 326 
Physicians and Surgeons, College of, 39, 54, 55 
Physics, Researches in, 420, 452, 454 
Physiography, Researches in, 458 
Physiological Studies of Habitats of Covillea 
tridenlata , 259 

Physiology, Researches in, 461 
Pickard, Greenleaf W., vm 

Publications by 44t 45, 289, 355, 358, 359 
Researches of, 287, 289 
Pickering, W. H., Stellar Photometry, 203 
Pierce, Charles, 477 
Pierce, Cornelia M., 143 

Pigeons, Metabolism Studies on, 66, 68, 69, 70, 72 
Piggot, Charles S., vr 

Publications by, 33, 88, 94, 99 
Radium Content of Bottom Samples, 320 
Pilsbry, Henry A., Biological Samples Cirrepedia, 320 
Pinocytosis, Phenomenon of, 24, 25 
Piste, Pedigree for Families of, 125 
Pituitary Hormones, Effects of Anterior, 55, 70 
Placental Studies, 19 
Planetary Investigations, 195 
Plant Biology, Report of Division of, 239 * 

Plant Classification, Results applied to, 255 
Plant Successions on Prepared Substrata, 395 
Plaster of Paris, use in Chicken-tumor Virus 
Experiments, 27 



INDEX 


SOI 


Podolsky, Boris, Physios, 418, 420 
Pogo, Alexander, vi, 159 

Publications by, 34, 36 
Polar Expedition, American, 300 
Polar Year, International, 286, 300, 305, 315, 325, 
328, 343, 345, 346 
Political Science, Studies of, 472 
Polherous, Irene, Anterior Pituitary Hormones, 70 
Pollen Morphology and Cytology, 254 
Pollock, H. E. D., vi, 102, 104, 105, 106 

Architectural Problems in Maya Field, 117 
Polychaetes, Effects of Radium Emanations on, 395 
Poole, C. F., Publication by, 47 

Studies in Genetics, 421, 423 
Population Movements in Pan-America, 66 
Posnjak, Eugene, vi 

Publications by* 32, 33, 90, 92, 94, 95 
Post, Richard H., Publication by, 31 
Studies in Anthropology, 63 
Potbury, Susan, Researches in Paleobotany, 276 
Potter, J. S., Publications by, SO, SI 
Pratt, J. P., Publication by, 26 
Prentice, Sydney, 450 
Prickett, R., 454 

Princeton University, 276, 371, 452, 453 
Pritchett, Henry S., v, xix, 64 
Progreso, Medical Survey in, 120 
Protopopoff, J., 322 
Psychology, Researches in, 473 
Public Health Service, 297 
Pucher, George W., Publication by, 

Studies in Nutrition, 439 
Pyrite and Covellite, Studies in, 84 
Quintana, M. T., 310 
Race Crossing in Yucatan, 61 
Radio Research Board, Australian, 307 
Radiology, International Congress of, 295 
Radio telegraphy, International Union of Scientific, 
289 

Raleigh, F. R., Multi-Mutating Genes, 39 
Ramsperger, H. C., Chemical Reactions, 418 
Rancho La Brea, Felid© of, 448 
Randolph-Macon College, 371 
Ravits, S. F., Chemical Reactions, 419 
Raymond, Harry, vi, 167 
Publication by, 36 
Rayton, W. B., 206 
Real Estate and Equipment, 20 
Redfield, Robert, Sociological Investigation in 
Yucatan by, 103, 104, 105, 122 
Reese, A. M., Publication by, 28 

Study of Ductless Glands of Alligator by, 33 
Reichard, E., 407 

Reid, Harry Fielding, Studies in Seismology, 485 
Renfroe, Olive, Metabolism of Children, 224 
Respiratory Studies of Animals, 227, 229, 230 
Rhoads, F. K„ Yaxchilan Expedition, 132 
Rhode Island Agricultural Experiment Station, 404 
Rhodes House Library, 144 
Riohardson, Robert S., Publication by, 38 

Solar Investigations by, 174,176,178,185,193 
Richmond* Myrtle L., Solar Observations by, 174, 
197 

Richter, C. P., Publications by, 28 , 484, 485 

Sympathetic System and Skeletal Muscle 
Innervation, 35 
Studies of Endocrines, 18 


Richter, M. N., Dwarfness and Leukemia in Mice, 
39, 56 

Publications by, 30, 31 
Rickotson, Oliver G. jr., vx, 14 

Excavations at Uaxactun by, 109, 110, 111, 
112, 113 

Riddle, Oscar, vi 

Metabolism Studies of, 66, 69, 224, 228 
Publications by, 31, 40, 236 
Studies on Doves and Pigeons, 55,68,70,72 
Ridgway, J. L., 451 

Rife, Dwight M„ Yaxchilan Expedition, 132, 134 
Riggs, Caroline, 447 

Ritzman, Ernest G., Lecture at Amerioan Philo¬ 
sophical Society, 226 
Metabolism, Studies of, 224, 227, 228 
Publications by, 40 , 41 , 234, 237 
Roberts, H. B., vi 

Study of Maya Ceramics, 108, 114 
Visit to Guatemala, 102, 113 
Roberts, H. S., vi 

Determination of Covellite, 84 
Publications by, S3, 85, 86 
Robertson, James A., 144 

Robertson, W. R. B., Studies in Moina macrocopa, 
72,73 

Robinson, W. A., 407 

Robson, G. C., Biological Samples of Cephalopoda, 
320 

Rockefeller Foundation, 9, 12, 171, 224, 229, 297, 
312, 315, 324 

Rodents, relation of Color, 266 
Rooney, W. J. f vn, 298 

Air Conductivity at Sea, 346 
Earth Currents, 296, 314, 315, 347, 348 
Publications by, 44, 45 % 298,359 
Terrestrial Electricity, 295 
Root, Elihu, v, x, xi, 63, 54 
Root, Howard F., Apparatus for Reading Con¬ 
sumption of Oxygen, 229 
Ropes, Marian W., Publication by, 25 

Studies in Phagocytosis and Pinocytosis by, 
24 

Rosenwald, Julius, v, xix 
Resignation of, 53 
Ross, A. D., 308 

Ross, Clarence S., Publications by, 33, 92 
Ross, Frank E., Lunar Observations by, 175 
Stellar Photometry, 203 
200-inch Telescope, 172 
Rdstad, Anton, 316 

Rowland’s Table of Solar Spectrum, 191 
Roy, Arthur J., vi 

Publication by, 25 

Roys, Ralph, on Books of Chilam Balam, 103, 157 
Studies of Maya Glyphs, 137 
Ruger, Henry A., via 
Ruppert, Karl, vi • 

Architectural Studies at Yaxchilan, 102,122, 
134,135,136 

at Meeting in Chichen ItiA, 104, 105 
Publication by, 24 
Repair of Caracol, 106,108 
Russell, G. Oscar, vm 

Physiological Cause of Voice Quality Differ¬ 
ences, 463 
Publication by, 49 



502 


INDEX 


Russell, Henry Norm, Analysis of Spectra, 175, 
177, 178, 192,193, 194, 453, 454 
Observations of Moon, 457 
Theory of Surfaces, 373 
Russell, Oertel, 463 

Runyon, Ernest H., Water Relations of CoviUea, 
241, 260 

Rydberg, P. A., 256 
Ryerson, Martin A., v 
Saint Joseph's College, 144 
Sakamoto, Tsuneo, 225 
Salant, E. 0., Publication by, 4$ 

Salmon, M. R., Studies in Inheritance, 38, 63 
Salmon Fund, Researches on Horse Genetics, 38 
Sanderson, K. C., 313 
Sanford, Roscoe F„ vn 
Publication by, 88 

Stellar Spectroscopy, 174,181, 206, 207, 208, 
209 

San Juan Basin, Archeological Research in, 139 
S&nkas, S. H., Work in Embryology, 12 
Publication by, 28 
San Luis Catalogue, 9 
Sap Concentration in Transpiration, 262 
Sarton, George, vi, 14 

History of Science, 159 
Publications by, $4, 35 
Satellites, Photographs of, 196 
Satina, Sophie, vi 

Publications by, 80, 81 
Studies in Datura, 38 

Saunders, G. M., Medical Survey Project, 105 
Sawin, Paul B., Heredity Studies by, 403. 404 
Schairer, J. F., vi 

Publications by, 82, 38, 87 
Schereschewsky, J. W., Metabolism of White Mice, 
230 

Schmidt, Adolf, Land Magnetic Survey, 298, 330, 
331 

Schmidt, Carl L. A., Publication by, 48 
Researches in Nutrition, 441 
Schmidt, Johannes, Biological Samples Eel Larvae, 
320 

Schmitt, Waldo L., vm, 321, 408 
Decapod Crustacea, 371, 389 
Schmuck, M. L„ Publications by, 28, 81 
Sex in Sciara, 39 
Scholes, France V., vi, 142 

Research in Yucatan, 104, 105, 155 
Schott, G., 321 
Scott, W. E., vn, 285 

Magnetic Studies of, 287, 330 
Schrats, Eduard, Publication by, 41 
Sciara, Researches on Sex, 9 , 39, 49, 50, 51 
Schults, A. H., Publication by, 28 

Structures of Primate Types, 30 
Studies of Skeleton, 29 
Study of Primate Material, 12 
Schults, Jack, Studies in Heredity, 408 
Soripps Institution of Oceanography, 316, 320, 322 
Scares, Frederick H., vn 

Publications by, 88, 89 
Stellar Photometry, 173, 174, 180, 202, 203, 
204 

Seaton, S. L., viz 

Observatory Work, 304 
Publications by, 48, 359 


Seismology, Report of Advisory Committee on 
Seismology, 474 
Sequin Form Board, 125 
Sette, 0. E., 408 

Sex, Behavior of Chromosomes, 49 
Sex in Moina macrocopa , 52 
Sexual Reproduction, Physiology of, 66 
Shane, C. D., Solar Observations, 175 
Shantf, H. L., Climax and Climate, 273 
Shapley, Harlow, 176, 199, 204 
Shattuck, George C., Medical Survey of Yucatan by, 
103, 105, 119, 231 
Publications by, 86, 41, 236 
Shear, C. L., Publication by, 4* 

Shelford, V. E., Climax and Climate, 273 
Shenstone, A. G., Analysis of Spectra, 453, 454 
Publication by, 48 
Shepherd, E. S M vi 
Shepherd, F. P., 298 

Sherman, J., Atomic and Molecular Structure, 418 
Sherman, K. L., vn 

Atmospheric Electricity, 305, 359 
Observatory Work of, 311 
Shinnecock Indians, 39, 62 
Shreve, Edith B., R61e of Sap Concentration in 
Transpiration, 262 
Shreve, ForreBt, vii, 241 

Desert Investigations of, 256 
Publication by, 41 
Signal CorpB, United States, 315 
Sinnott, E. W., Breeding of Hybrid Squashes by, 39 
Sitterly, B. W„ Stellar Spectroscopy, 176, 180, 203, 
208 

Publications by, 86, 89 
Singh, Swarn, Genetics of Crept*, 422 
Skeleton, Studies of, 29, 35 
Skin Temperature of Incubating Python, 230 
Skinner, W. A., Publication by, 362 
Smith, Arthur H., Studies in Nutrition, 431 
Smith, A. Ledyard, vi 

Archaeological Work at Uaxactun by, 102,110 
Smith, D. E., Publication by, 24 
Smith, F. L., Studies in Genetics, 423 
Smith, George A., Studies with Cladocera , 424 
Smith, Helen B., Publications by, 24, 81 
Sex in Sciara, 39 
Smith, James H. C., vii 

Investigations on Carotene, 247, 248, 250 
Publications by, 41 * 4$ 

Smith, M. B., 329 

Smith, 0. C., Publication by, 28 

Studies of Ornithorhynchus by, 36 
Smith, Philip E., Dwarfism in Mice, 39, 54 
Publication by, 81 

Smith, Robert, Excavations at Uaxactun by, 110 
Smith, Sinclair, vn 

Publication by, 89 
Seismological Laboratory, 174 
Stellar Spectroscopy, 183 
Studies of Nebulas, 180 
200-inch Telescope, 172 
Smith, Theobald, v, xix 
Smithsonian Institution, 321, 342, 407 
Smyth, H. D., Analysis of Spectra, 453, 454 
Publication by, 48 

Snyder, F. F., Experiments in Ovulation, 18 
Publication by, 28 



INDEX 


503 


Snell, George D., Publication by, 48 
Snell, George, Studies in Dwarfism in Mice, 54 
Sodedad de Geografia, 113,114 
Sociological Investigations in Yucatan, 122 
Soiland, Albert, 295 

Soil Moisture, Precipitation and Run-Off, 257 
Soils, Comparison of Vegetation on Calcareous and 
Non-Calcareous, 261 

Solar Physics Observatory, Kodaikanal, 188 
Solar Research, 185, 188, 190,193,195, 316 
Solar Spectrum, Bands in, 191, 192 
Solberg, H., Studies in Meteorology, 426 
Soule, Floyd M., vii 

Held Observations, 302, 303 
Oceanographic Instruments and Methods, 360 
Publication by, 46 

Researches in Terrestrial Magnetism at Sea, 
286, 316, 323 

Wilkins-Ellsworth Expedition, 290 
South America, Cooperative Survey of, 303 
South Wales, University College of, 321 
Southwestern United States, Archaeological Re¬ 
search in, 139 
Southworth, G. C., 297 
Spectra, Analysis of, 209, 213, 214, 250, 453 
Spectral Classification of Stars in Selected Areas, 
209, 210 
Spectrohelioscope, 187 

Spectrophotometric Observations of Solar Lines, 193 
Spectrophotometry, Stellar, 210 
Spectroscopy, Investigations in, 200, 205, 211, 452, 
453 

Spectrum of Sun-Spots, 194 
Spoehr, H. A., vii 

Photosynthesis, 18 
Publications by, 41 , 48 
Spofford, Florence, 144 
Spooner, John C., v, x 
Stafford, E. S., Placental Studies by, 19, 32 
Publications by, J 28, 89 

Stagg, J. M., Diurnal Magnetic Variation, 288, 330 
Standards, Bureau of, 213, 293 
Stanford University, 240, 249, 254, 297, 401, 474, 
486 

Starch Conversion into Sugar, 28 
Stars, Effect of Absorption of Space Density of, 204 
Stebbina, Joel, Studies of Nebula, 172, 175, 200 
Steggerda, Morris, vi 

Physical Anthropology in Yucatan, 39, 61, 
103, 104, 105, 124, 224, 231 
Publications by, 31, 88 

Steggerda, Mrs. Morris, Racial Metabolism, 61, 
105, 224, 231 

Stellar Investigations, 168, 201, 202, 205, 210 
Sterilisation, Eugenioal, 65 
Sternberg, Elisabeth E., 174 
Publications by, 37, 89 
Stephens, Percy Rector, 463 
Stetson, H. T., 316 

Stewart, John Q„ Studies in Gas Opacity, 453 
Stirton, R. I., Structure of Crystalline Substances, 
417 

St John, Charles E., vu 
Publication by, 88 

Solar Observations, 175, 177, 178, 190 
Stock, Chester, vm 

Researches in Paleontology, 448, 450 


Stook, Leo F., vi, 144 
Publication by, 85 

Proceedings and Debates of British Parlia¬ 
ments, 142,151 
Stockholm, University of, 241 
Stohsner, E. E., 477 

Stomatal Aperture, Comparison of Two Methods 
of Measuring, 265 

Stone Mountain, Georgia, Granite from, 80 
Stone, R. G., vm 

Marine Annelids, 371, 372, 395 
Storey, William Benson, v, xix 
Storrs Agricultural Experiment Station, 225, 228 
Storrs, Sir Ronald, 488 
Strain, Harold H., vii 

Investigations on Carotene, 248, 249, 250 
Publications by, 4U 48 
Straus, W. L. jr., Publications by, 37, 89 

Muscle Studies among Primates, 31, 32 
Streeter, George L., vi 

Publications by, 85, 86, 89 
Report of Department of Embryology, 3 
Stromberg, Gustaf, vii 
Publication by, 89 

Stellar Spectroscopy, 174, 180, 182, 202, 206, 

211, 212 

Strimsvik, Gustav, Conference at Chichen ItsA, 105 
Struve, Otto, Stellar Spectroscopy, 175 
Stuart, C. A., Publications by, 80, 88, 47 
Sex Studies by, 51, 424 

Sturdivant, J. H., Structure of Crystalline Sub¬ 
stances, 417 * ^ 

Sturtevant, A. H., Studies of Allelomorphs, 412 
Publications by, 86, 86 

Sudkum, Agri-Meteorological Laboratory at, 307 
Sugar, Conversion of Starch in Culture Media into, 28 
Sulfur Vapor Pressure, 83 
Sumner, Francis B., Publication by, 48 
Sun, Energy-Curve in Ultra-Violet, 190 
Sun-Spots, Spectrum of, 185, 187, 194 
Sverdrup, H. U., vm, 326 

Maud Expedition, 361 
Oceanograph Studies, 287, 289, 290 
Publications by, 45, 46, 361 
Results Carnegie Last Cruise, 316, 360, 361 
Wilkins-Ellsworth Expedition, 321 
Sykes, Godfrey, Delta of Colorado River, 458 
Long Period Rain Gage Records, 258 
Publication by, 41 

Ssarka, Alexander, Gaseous Metabolism, 461 
Swann, W. F. G„ Atmospheric Pollution, 368 
Conductivity Apparatus, 364 
Swarthmore College Observatory, 176 
Swett, W. W., Publications by, 37, 89 
Switzerland, Research on Sex in Sciara, 39 
Swope, Henrietta, 176 
Taft, William H., v 

Takamine, Toshio, Studies of Balmer Series, 175, 
183, 214 

Tamandua Brain, Basal Ganglia of, 36 
Tampico, 127 
Tandy, Geoffrey, vm 

Coral Reefs, 371, 372, 394,395 
Tanganyika Geological Survey, 488 
Tattersail, W. M., Biological Samples of Euphau- 
siacea and Mysidaoea, 321 
Taylor, W. R., 372,408 



504 


INDEX 


Taxonomy, Experimental, 250 
Teeple, John E., Death of, 104 
Telephone and Telegraph Company, American, 282, 
297, 300, 314, 347 
Temperature of Expired Air, 229 
Temperature of Mars, 197 
Temperature, Metabolism Measurements in Doves 
and Pigeons, 68, 69 
Tennent, D. H., Publication by, 24 
Tesla Coil, 290, 291, 292 
Terrestrial Magnetism, Department of, 408, 476 
Publications of, 287 
Report of, 281 

Thaler, Joseph Ira, Endocrine Studies on Doves and 
Pigeons, 70, 72 

Tharp, B. C., Climax and Climate, 273 
Thayer, William S., v, xix 
Thompson, J. Eric, Work on Caracol, 109 
Thompson, James Westfall, 161 
Thompson, Thomas G., 322 
Thomson, Andrew, Oceanographic Work, 318 
Publications by, 44* 46* 46* 355, 362 
Thomson, J. J., 292 
Thorndike, Lynn, 162 
Thrupp, Adrian, Publication by, 41 
Thymus Function, Failure of Thymectomy to 
Reveal, 72 
Tibbett, Lawrence, 464 
Ticul, Medical Survey in, 120 
Tinklepaugh, O. L., Publication by, 29 
Studies of Parturition by, 16 
Tippler Pigeons, Metabolism During Growth in, 68 
Tisserant, Mgr., 165 
Tokyo University, 214, 225 
Tolman, R. C., General Physics, 418, 420 
Topali, P. S., Studies in Genetics, 423 
Torreson, Oscar W., vn 

Atmospheric Studies, 287, 305, 312, 364, 368 
Geophysical Stereograms, 331 
Lectures by, 326 
Publications by, 45, 46* 287, 321 
Tortugas Laboratory, Report of, 371 
Tower, S. S., Publication by, 29 

Sympathetic System and Skeletal Muscle 
Innervation by, 35 

Tower, A. M., Preliminary Report of, 130 
Trask, Parker D., Bottom-Samples, 319 
Treadwell, A. L., Biological Samples Annelids, 321 
Trees, Reversible Variations in, 244, 246 
Trematodes of Tortugas Fishes, 386 
Trigonometric Parallaxes, 201 
Those Sugars, Utilisation in Starch Formation by 
Leaves of, 250 

Tsai, T. T., Field Observations of, 302 

Tucson MagneticObservatory, 288,296,314,325,347 

Tufts College, 289 

Tumor Tissue Studies, 28 

Tunell, George, vi 

Publications by, 33, 90, 99 
Tungsten, Spectrum of, 214 
Turini, Dom Giuseppe, 165 
Turner, L. A., Analysis of Spectra, 453 
Tuttle, Clifton J., Intrinsic Laryngeal Function, 464 
Tuve, M. A m jto 

American Association Prize, 283, 342 
Magnetism and Atomic Physics, 290 
Publications by, 45, 46, 364, 370 


Tuve, M. A .—Continued 

Researches on West Coast, 283, 295 
Tesla Voltages, 365 

Uaxactun, Archaeological Investigation at, 110,112, 
113 

Uganda Geological Survey, 488 
Ultra-Violet Absorption Spectra of Certain Phenyl 
Osaiones, 250 

Ursa-Major, Determination of Velocity of Light 
from Extra-Galaotic Nebul® in, 201 
Vaillant, George, Studies of Maya Pottery, 115,116 
Valladolid, Medical Survey in, 120 
Voice Production, Larynx and, 463 
Volcano GaseB, 78 

Vanderbilt University Medical School, 432, 435 
Vandergehm, J M 310 

van Her warden, Studies of Hubrecht Material, 16 
van Maanen, Adrian, vn 

Motions and Parallaxes, 174,199,201,202 
Publications by, 57, 89 
van Rhijm, P. J., Stellar Spectroscopy, 209 
Van Tyne, J.* Studies in Maya Area, 103,112,131 
Varela, Arthur Am 290 
Varnum, William B., vi 
Publication by, 25 
Varves and Swedish Collection, 279 
Vassar College, 321 
Vegetable Proteins, Studies of, 430 
Vertebrates, Endocrine System of Glands of, 54 
Vickery, H. B., vui 

Publications by, 49, 441 
Researches in Nutrition, 430, 436 
Viljoen, T., Field Observations, 301 
Villa, Alfonso, Study of Chan Kom by, 105,123,124 
Villaneuva, Don Francisco, 132, 138 
Virus Studies, 26 
Visscher, J. Paul, vm 

Barnacles of Tortugas, 371, 397 
Vitamins, Physiological Functions of, 441 
Waddington, Guy, Studies of Gaseous Chemical 
Reactions, 418 
Wadsworth, John, 312 
Wait, G. R„ vii 

Atmospheric Studies by, 287, 305, 312, 350, 
359, 366, 367, 368 
Observatory Work, 304, 311 
Publications by, 44* 46, 46 
Terrestrial Electricity, 295 
Wakeman, Alfred J., 441 
Walcott, Charles Dm v, x, xi 
Walcott, Frederic Cm v, xix 
Walcott, Henry P., v 
Wallis, W. F., vii 

Field Observations, 302 
Magnetic Survey, 285, 298, 305 
Publications by, 46, 369 
Walter, A., Field Observations, 301 
Walter, Heinrich, Publication by, 4& 

Studies of CmUea tridentata , 259 
Wardlaw, H. S. Halcro, Publication by, 232 
Studies of Insensible Perspiration, 224 
Ware, Louise, 174, 188, 190 
Warner, E. H M 297 
Warriors, Temple of, 14 
Washburn Observatory, 175 
Washington, Henry S M vi 

Publications by, 55, 87, 88, 89 



INDEX 


505 


Waterman* R. E., Physiological Functions of 
Vitamins, 443, 447 

Waters, Nelson F., Genetics of Domestic Fowls, 404 
Watheroo Magnetic Observatory, 281, 282, 284, 
285, 288, 296, 297, 303, 304, 305, 308, 
309, 316, 327, 330, 331, 336, 356, 358 
Watson, Jesse, Chemical Reactions, 419 
Watt, M. N., 408 

Wayland, E. J., Researches in Paleobotany, 276 
Weed, Lewis H., viii 

Weinbaum, S., Atomic and Molecular Structure, 418 
Structure of Crystalline Substances, 417 
Welborn, Mary C., 159 
Weloh, William H„ v, xix 
Wellesley College, 407 

Wen, I. C., Observations on Ontogeny and Phylog- 
eny of Nasal Cartilages by, 12 
Publication by, 86 

Wenrick, John E., Larynx and Voice Production, 4Q3 
Publication by, 49 
Wesleyan University, 38,176 
West China Union University, 225 
Western Reserve University, 371 
Westfield, State Normal School of, 321 
West Indies,'Water Vapor Constituent in Gas, 79 
Westland, C. J., Publications by, 45* 312, 362, 369 
West Virginia University, 33 
White, Andrew D., v, x 
White, David, viii 

Study of Fossil Floras, 451 
White, Edward D., v 
White, Henry, v 
White, Nelson G., 221 

White, T. H., Structure of Crystalline Substances, 
417 

White, Walter P., vi 

White House Conference on Children, 63 

Whitehorn, J. C., 232 

Whitehurst, D. D., 385 

Whitfield* C. J., 268 

Whitin Observatory, 175 

Whitman, W. G., 294 

Publications by, 45, 370 
Wickersham, George W., v, xix 
Wieland, George R., vn 
Publication by, 4% 

Researches in Paleobotany, 276 
Wiley, John, Publication by, 88 
Wilkins, Sir Hubert, 343 

Wilkins-EUsworth Expedition, 290, 299, 302, 303, 
325 3 13 

Williams, G. D„ Physical Studies of Maya, 62,103, 
105, 124 
Williams, R. R„ viii 

Physiological Functions of Vitamins, 441,443 
Willems, H. W. V., Publications by, 52, 55 
Willis, Bailey, vni 

Studies in Seismology, 485, 486, 488 
Willis, Howard C„ Parallaxes and Proper Motions, 
174, 180, 200, 202 
Publications by, 57, 89 
Studies of Nebulae, 179 

Wilson-Blaokett Expansion Chamber, 292, 324 
Wilson, C. B., Biological Samples of Copepods, 321 
Wilson, Elsie A., 231 
Wilson, Ralph E., vi 
Publication by, 55 


Wilson, Stanley D., Racial Metabolism, 225, 231 
Winkley, Ruth, Researches on Dwarf ness and 
Leukemia in Mice, 39 

Wislocki, George B., Data Collected in Central 
America by, 20 

Experiments in Ovulation, 18, 21 
Observations of Scent Glands of Marmoset, 33 
Placental Studies by, 19 
Publications by, 55, 88, 89 
Resignation of, 5 
Studies of Endoorines, 18 
Wissler, Clark, vui 
Wright, Carroll D., v, x, xi 
Wright, Fred E,, vi 

Studies of Moon, 175, 179, 195, 196, 220, 
475 

Publications by, 88, 86, 89, 94 
Wright, J. K, 162 

Wolfe, Ross R., New Cycadeoids, 278 

Woo, S. C., Band Spectra and Molecules, 416, 420 

Wood, F. W., vii, 308 

Publications by, 45, 370 
Wood, Harry O., vui, 475 
Publication by, 484 

Wood, Thelma R., Publications by, 89, 32 
Resignation of, 39 
Studies with Cladocera , 424 
Studies in Eggs of Moina macrocopa, 73 
Woodring, W. P., Publication by, 86 
Working, Earl B., Gases in Tree Trunks, 241,246 
Woods Hole Oceanographic Institution, 320, 326 
Woodward, Robert Simpson, v 
Woolley, Richard van der R., Publication by, Jfi 
Solar Observations, 178, 193 
Spectroscopic Studies, 176 
Worrall, Larry W., 143 

X-Ray and Thermal Analysis in System Copper* 
Iron-Sulfur, 84 

X-Rays, Structure of Crystalline Substances Deter¬ 
mined by, 417 
Yaglou, C. P„ 297 

Yale University, 223, 224, 228, 320, 430, 431, 432, 
434, 437, 438 
Yamanouchi, Shigeo, viii 

Marine Alg® of Tortugas, 371, 372, 398 
Yaxchilan Expedition, 102,105, 133 

Report by Sylvanus G. Morley on, 132 
Topography of, 138 

Yellowstone Park, Obsidian from, 81, 82 
Yenching University, 225, 231, 413 
Yerkes Observatory, 172, 175, 186, 188,189 
Yost, D. M., Band Spectra and Molecules, 420 
Energies and Reduction-Potentials, 416 
Mechanism of Reaction-Rates, 418 
Young, William G., 240 

Yucatan, Anthropology Studies in, 61, 122,124 
Linguistic Work in, 127 
Percentage of Pure Descendants of Maya 
Race in, 62 • 

Research in History of, 155,156 
Survey of Projects in, 103 
Zies, E. G., vi 

Publications by, 55, 91 

Zirkle, Conway, Cambium and its Derivative 
Tissues, 899, 400 
Publication by, 47 

Zucker, T. F„ Filtration Experiments of, 56 





